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ABSTRACT 

This report  presents the results of a study of the optimal processing of 

satellite data for the observation of sea surface temperature patterns and their 

synoptic changes. 
taken, using multi-spectral low resolution data for the development of data process- 

ing techniques, and single spectral region high resolution data for the actual obser- 

vation of sea surface temperature patterns. 
Gulf Stream region. 

Nimbus II dataare  used extensively. A two-phase approach is 

Particular emphasis is  placed on the 

Individual topics discussed in this report include the following: 

1. Modifications of the Nimbus data reduction programs to permit 

immediate mapping of only clear - s ky data. 

2 .  Development of techniques for day and nighttime automated cloud 

disc rimination. 

3 .  Preparation of recommendations on optimum data processing and 

analysis methods for routine operational measurement of sea surface temperature 

patterns on a near real-time basis. 

4. Fegsibility and parametric design studies with regard to sea surface 

temperature observations from manned satellites. 

5. 

It was determined that for  the optimal detection of cloud contamination in 

Development of a time history of Gulf Stream meander movement. 

daytime cases  (including high thin cir rus) ,  a combination of visible and water vapor 

absorption radiation data should be used. 

threshold and a 237OK temperature threshold (in the water vapor absorption band) 
were established. 

characteristics can and should be accomplished using observations from manned 

spacecraft. 
for  cloud discrimination, although temperature limits may be placed on the IR data 

themselves. Computer programs were written to automatically apply these thresh- 

old cri teria,  and to map single o r  multiple pass clear sky data. 

Monte Carlo statistical programs utilizing a world-wide cloud data bank revealed 

that observation of rapidly changing transient oceanographic phenomena may not 
be feasible under certain climatic conditions. Graphs a r e  presented for the Gulf 

Stream a rea  relating a rea  coverage and the probability of obtaining that coverage 

as a function of the number of passes. 

For  the Nimbus data, a 1570 albedo 

Further refinement of threshold levels and cloud radiation 

For  nighttime data, only the water vapor absorption data is  available 

An application of 
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Gulf Stream menader movements for the month of October 1966 a s  determined 

from the Nimbus II HRLR (High Resolution Infrared) data were somewhat slower than 

anticipated, but a r e  believed to be accurate. Near-shore meanders seemed to move 

a t  a rate of about 8 n. mi. per day while those larger meanders toward the.northeast 

moved more slowly a t  about 4 to 5 n.mi. per day. 

Because it is  beyond the present state-of-the-art to automatically include 

atmospheric attenuation effects on any large scale basis, it is recommended that 

only the temperature gradient information be used in conjunction with conventional 

shipboard measurements. 

perature maps in research applications, automatically generated color coded analyses 

a r e  recommended. 

For  rapid interpretatidn of resultant sea surface tem- 
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1. INTRODUCTION 

1.1 The Importance of Sea Surface Temperature Da ta  

The temperature of the ocean's surface is  the one oceanographic parameter 

most readily measured f rom a space platform. As such, its measurement will be 
a primary goal in the f i rs t  flights of any program of Earth Resources Survey from 

space (Newell, 1968). 

that nearly all of man' s sea-oriented activities, including fisheries, civil applica- 

tions, and the military rely to some extent upon knowledge of the sea surface 

temperature patterns and their variation with time. 

Fisheries 

This emphasis on sea surface temperature is  well placed in 

Correlations between water temperature and the behavior and occurrence of 

fish have been found (Hela, 1962). 

estimation of intensity of upwelling which brings cold nutrient-rich bottom water to 

the ocean's surface. 

the confluence o r  divergehce of oceanic currents. 

the pelagic fish population and their migrations may also be inferred. 

already use analyses and forecasts of surface temperature for the prediction of 

spawning t imes,  their location, and for estimation of the survival ra te  of the larvae 

(Wolff, 1965). 

Particularly important is  the location and 

Important fishing grounds for pelagic fish a re  often found at 

F rom the surface temperatures, 

Fisheries 

Civil Applications 

In recent years the problem of sea-air  interaction has gained increasing 

attention because of its importance in the better understanding of both the oceanic 

and the atmospheric circulations and their relation to weather prediction. 

t e r m  prediction aspect of sea surface temperature has been emphasized by Namias, 

(1963) and others. The synoptic analyses and forecasts of sea surface temperature 

a r e  finding greater use in synoptic meteorology through inclusion of heat exchange 

effects in forecasting models. Furthermore, sea surface temperature is  required 
in the estimation of changes of surface air properties over the ocean, in wave fore- 

casting for shipping, and in prediction of visibility, fog probability, and icing 

conditions. Various investigators (Fisher,  1958) have demonstrated direct correla- 

tions between the sea surface temperature and such meteorological phenomena as 

the growth and travel of hurricanes, and extratropical cyclonic development. 

The long- 
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Military 

In publishing the results of its 1965 meetings, the Panel on Oceanography of 

the President’s Science Advisory Committee made the following statement; 
importance to Anti-Submarine Warfare of a continuing, effective program to study 

and characterize the ocean environment in which its equipment is  designed to operate 

cannot be overstated.” (Panel on Oceanography, 1966). One such property of the 

ocean environment is the sea surface temperature. It is used as an input to mathe- 

matical models for the prediction of the subsurface temperature structure, which in 

turn greatly affects the propagation of sound. 

The 

1.2 Benefits of Satellite Systems 

The obvious advantage of satellite monitoring of surface temperatures is 

the vastly increased coverage available, both in space and in time,, For  fisheries 

this could mean the discovery of new fishing areas ,  and the ability to proceed 

directly to a fishing a rea ,  thereby eliminating many hours of fruitless searching. 

Assuming that space oceanography will be able to provide the data essential to the 

world-wide regulation of fisheries, it has been estimated that the potential economic 
benefits to the United States by 1975 would be $75 to $215 million (General Electric, 

1967). 

long-range forecasting of marine weather systems a r e  enormous. Apart f rom such 

sea-related activities as shipping, o r  the prediction of fog and icing conditions, the 

National Academy of Sciences has estimated that the potential benefits to farming, 

construction, recreation, etc. would exceed $2 billion (N.A.S., 1965). For  the 

military, the real-t ime aspects of satellite measurement programs would be the 

most important. 

would provide twice-daily global coverage of the world’s oceans. 

sufficient data base to  generate meaningful sea surface temperature (SST) analyses, 

the Fleet Numerical Weather Facility ( F N W F )  in Monterey,California currently 

must  average 3-1/2 days of conventional surface ship data (Wolff, 1965a). The 

melding of these surface ship data with satellite temperature measurements would 

represent a significant step toward the real-time mapping of sea surface tempera- 

ture  patterns on a global scale. 

As might be expected, the economic benefits which could result  f rom improved 

A satellite carrying infrared sensors  in a sun synchronous orbit 

To accumulate a 
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1.3 Philosophy of Present  Study 

The optimal sea surface temperature measurement platform would be a 

near-polar orbiting sun synchronous satellite with a c ross  t rack scanning high 

resolution (better than 6 mi. ) multi-spectral radiometer. Recommended spectral 

regions include a clean atmospheric window, a visible albedo channel, and a clean 
water vapor absorption band. 

would make possible the immediate flagging of cloud contaminated temperature 

data for day and nighttime passes (see Section 5). For  the present study, which 

involved both the development of optimal data processing techniqves and oceano- 

graphic studies per se,  no such system was available. The most applicable data 

were those obtained by the Nimbus LI radiometers. 

The presence of the visible and water vapor bands 

The Nimbus 11 single channel High Resolution Infrared Radiometer (HRIR) 

operated in the 3.5 to 4. l ym window region. 

5 n. mi. a t  the subpoint. 

these data a r e  generally usable only at night. 

resolution required for meaningful surface temperature analyses, but because of 

the single spectral region, they provide no means for the automatic discrimination 

of cloud contamination. 

The spatial resolution is approximately 

Because of contamination by reflected solar radiation, 

The HRIR data have the spatial 

The five channel Medium Resolution Infrared Radiometer (MRIR) operated 

in the following spectral regions: 

Channel 1 6.4 to 6 . 9 y m  water vapor absorption 

Channel 2 10 to l l y m  atmospheric window 

Channel 3 14 to 16pm GO2 absorption 

Channel 4 5 to 30ym long wavelength infrared 

Channel 5 .2  to 4. Opm visible. 

The spatial resolution of all  MRIR channels is  approximately 30 n. mi. a t  the subpoint. 

The MRIR data a r e  thus of such low resolution that they preclude observation of 

detailed surface patterns. They do, however, permit the development and applica- 

tion of cloud discrimination techniques. 

processing and data applications had to be treated separately. 

As a result, the two broad areas  of data 

In developing data processing techniques, the MRIR data were used. Day 
and nighttime cloud discrimination as well as composite mapping programs were 

developed for  the Nimbus data, although little oceanographic interpretation was 

made of the resultant analyses. The HRIR data were used to develop a time history 
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of the Gulf Stream for the month of October, 1966. 
cases,  the experience of the researcher  in distinguishing cloud forms in the HRIR 
analog data had to be relied upon to indicate cloud contamination. 

not be considered an optimal data processing technique. 

of these and other aspects of the present study a r e  given in Sections 3 through 8. 
The following section presents a brief review of the results of previous investigations. 

In the development of these 

This can certainly 

The details and the results 
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2 .  PREVIOUS STUDIES 

The work which had been done prior to the current study may be divided into 

Phase I was largely the experimental stage, looking into the feasibility two phases. 

of using satellite data for sea surface temperature measurement, and uncovering 

some of the problems which would have to be solved (Greaves, 1965). 
Phase 11, data processing techniques were developed to cope with some of these 

problems, and recommendations and suggestions were made for gathering and 

processing large amounts of data f rom future satellite systems (Greaves, 1967). 

During 

2 . 1  P h a s e 1  

Using data f rom the TIROS VI1 satellite, the results of our initial studies 
confirmed that satellite infrared data could provide accurate measurements of sea 

surface temperature gradients. In the absence of surface ship conventional meas- 

urements to serve as  ground truth data, good absolute temperature values were 

generally unattainable. 

attenuation and in the calibration and degradation of the TIROS radiometers. 

This was due largely to uncertainties in atmospheric 

A crit ical  problem which was uncovered is the detection and elimination of 

data points where clouds prevent an uncontaminated view of the sea surface. 

was found that the usual sources of cloud cover information such as  conventional 

meteorological observations and satellite TV data, were insufficient for determining 

all of the clear a reas  useful for satellite temperature measurements. Hand analysis 

indicated that by using the radiometric data themselves, particularly the Channel 5 

sensor in the visible portion of the spectrum (0.55-0.75pm), clear a reas  could be 

detected in the daytime data on a point by point basis. 
resolution of the TIROS radiometer (approximately 30 n. mi. at the subpoint), regions 

of scattered cloud still presented difficulties, as  the data represent averages over 

the entire scan spot. 

It 

Due to  the relatively low 

For  the nighttime data, it was determined that the TIROS radiometers were 

not sufficiently capable of accurately locating cloud-free areas .  

of the failure in this case seems to have been the relatively high noise level in the 

basic data. 
mined using various nighttime cloud discrimination techniques. 

then compared with those indicated by the visible channel data. 

dependable correlation could be found. 

The primary cause 

Using daytime data, apparent cloud contaminated areas  were deter- 
These areas  were 

In general, little 
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At the close of Phase I, it seemed evident that for effective further use of 

the TIROS radiation data, modifications of the existing data reduction computer 

programs would be required. 

during the Phase I1 studies. 
These modifications were subsequently carr ied out 

2 . 2  Phase I1 

During the Phase II studies two basic modifications were made to the existing 

TIROS VI1 data reduction programs. One change permitted the automatic listing 

(and ultimate mapping) of only the cloud free daytime data. 
decision for  each data point was made on the basis of the corresponding visible 

channel data. 

convert the visible channel data to the albedo format to eliminate the dependence on 

solar zenith angle. 

composite the clear  sky data f rom more than one Final Meteorological Radiation 

Tape (FMRT) onto a single tape for subsequent mapping. 

case was to experiment with the composite mapping program to seek optimal data 

averaging and processing techniques. 

The clear-cloudy 

Before thresholds could be established, it was first necessary to 

The second basic modification enabled the researcher  to 

The intended goal in this 

The first of the two programs outlined above was used successfully, although 

the time consuming task of analyzing the resultant temperature maps remained. 

addition, the inability to distinguish cloud contamination in the TIROS nighttime data 

meant the effective loss of 50 percent of the recorded data. 

g ram was successful operationally, there was little occasion to use it due to the 

poor orbital and scanning geometry characteristics of TIROS VII. 

over a given a rea  on consecutive days where the scanning mode was usable, and 

the nadir angles sufficiently small, were extremely ra re .  Moreover, due to the 

variable nature of the sea surface temperature patterns, compositing data from 

passes which a r e  widely separated in time can produce only gross scale average 

patterns. 

In 

While the second pro- 

Daytime passes 

Because of these limitations of the TIROS system, it was recommended at 
that time that future work be done using data from an earth oriented, sun synchronous 

satellite system such as Nimbus 11. 
at length the development of data processing techniques for the Nimbus II radiation 

data, and provide some examples of the use of these data. 

The remaining sections of this report describe 
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3.  THE BIBLIOGRAPHY 

The Statement of Work of the current contract called for the development of 

a comprehensive bibliography on the general subject of remote sensing of oceano- 

graphic parameters,  with particular emphasis on satellite measurements of sea 

surface temperatures. This bibliography entitled, Bibliography on the Use of 

Satellites for Oceanographic Observations was published in annotated form under 

separate cover in April 1968 (Widger, 1968). 

The bibliography provides all  identifiable, significant citations pertinent to 

the use of satellites specifically for oceanographic observations, with some emphasis 

on observations of sea surface temperature. Because many discussions of remote 

sensing of oceanographic parameters f rom other observing platforms, particularly 

aircraft, have direct pertinence to potential satellite observing techniques, many of 

the entries fall into this category. 

observations of sea surface temperature. 

This is especially t rue in the case of infrared 

The bibliography does not, with certain limited exceptions, include entries 

on oceanography that a r e  not directly pertinent to satellite observing techniques. 

Such more general oceanographic items can be located through the several  general 

bibliographies on oceanography that already exist. 

include entries solely pertinent to satellite observations of meteorological conditions 

over the oceans, since such material  can be found in the several  bibliographies on 

the "Use of Satellites in Meteorology" published by the American Meteorological 

Society i n  its Meteorological and Geoastrophysical Abstracts. 

are ,  however, specifically cited. 

Neither does it, in general, 

These bibliographies 

Abstracts a r e  included for each entry for which they were available, 

either f rom the cited document itself o r  f rom its citation in other abstracting o r  

bibliographic publications. 
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4. COMPUTER PROCESSING 

As indicated in Section 2 .2 ,  the difficulties with the TIROS orbital and scanning 

geometries, together with the low resolution and generally high noise level of the 

TIROS data led to the recommendation of using a more advanced satellite configura- 

tion. 

high resolution and cloud discrimination ability into a single sensor, it does possess 

these features in separate data gathering systems. 

grams which have been derived for the optimal usage of the Nimbus II data. 

plete listings of these programs have been provided in Appendix A. 

The Nimbus II satellite, while it does not combine the desirable features of 

This section describes the pro- 

Com- 

Currently, Nimbus I1 HRIR and MRIR data may be ordered in a variety of 

formats f rom the National Space Science Data  Center (NSSDC) at Goddard Space Flight 

Center (GSFC), Greenbelt, Maryland. The various formats available, and the 

ordering procedures a r e  available in the Nimbus 11 User's Guide (ARACON Geo- 

physics Company, 1966). 
We feel that the modifications of these basic programs made in the course 

of this study a r e  sufficiently general, and applicable to a variety of research efforts 

that they should be made readily available to other researchers.  

recommend, therefore, that the existence of these programs be made known to the 

potential users ,  and that their use be made a standard option which may be requested 

f rom NSSDC. 

tho s e currently us ed. 

We strongly 

As will be seen, the basic operating procedures do not differ from 

4.1 Original Programs 

The Unified Nimbus HRIR and MRIR Mercator Map Programs were originally 

developed by NASA to map recorded experimental data for a selected a rea  on the 

earth, and within a chosen time span. 

Nimbus radiometers and recorded on the Nimbus Meteorological Radiation Tapes 

(NMRT). 

These data were first measured by the 

The experimental data a r e  printed at grid points on a mercator projection 

of a specified geographical region. 
measurements associated with each grid point is also produced. 

geographic region (up to approximately 70° North or  South latitude) can be displayed 

A grid point map indicating the number of 
Any non-polar 
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at any scale factor by this grid point mapping program. 

output an optional listing of the latitude, longitude, nadir angle, and experimental 

value of the individual data measurements processed during the preparation of the 

g r id point map. 

The program can also 

Documentation publications and complete program listings, as well a s  

operating instructions and procedures for the original programs, may be obtained 

f rom the Laboratory for Atmospheric and Biological Science, GSFC. 

4 . 2  Modifications 

4.2.1 HRIR Program Modifications 

Modifications were made to the original Unified Nimbus HRIR Mercator 

Map Program to accomplish the following: 

a. Extract and map HRIR data points where the recorded temperature is 

greater than o r  equal to some preset threshold value. If the threshold value is set  

high enough, one may be reasonably sure that the remaining data is  cloud free. 

penalty paid in such a case however, is that a large percentage of usable cloud free 

data may also be discarded along with the contaminated points. 

The 

b. Convert temperature values in degrees Kelvin to  single digit alphanu- 

meric codes for off-line printing or  card punching. 

using this optional modification may then be processed through the Digital  Color 

Printer 'developed by Allied Research in a separate in-house study. 

the output of the color printer may be seen in Figure 6-1. 

the Digital Color Pr inter  is given in Section 6 . 3 . 2 .  1. 

The punched card data obtained 

An example of 

A detailed discussion of 

c. Permit  the composite mapping of multiple passes. This option may be 

used to construct time averages, o r  in situations of partial cloudiness when not 

enough clear-sky data is available on a single pass to permit meaningful analyses. 
Using a population map, data is averaged in those areas  where there is clear-sky 

overlap from pass to pass. 

10 



4 . 2 . 2  MRIR Program Modifications 

Modifications were made to the original Unified Nimbus MRIR Mercator 

Map Program to accomplish the following: 

a. Extract and map MRIR data points f rom Channels 1 ,  2, 3 ,  o r  4 when 

the corresponding Channel 5 reflectance value (albedo format) is less  than some 

pre-selected threshold. Analogous to the HRIR case above, too low a setting of 

the Channel 5 threshold guarantees cloud-free analyses, but loses much of the 
valid data. 

Channel 5 albedo data is available. 

Of course, this option is  applicable only to the daytime passes when 

b. Extract and map MRIR data points from any channel when the corre-  

sponding Channel 1, 2 ,  3 or  4 value is greater than some pre-selected threshold. 
This option was used primarily for nighttime cloud discrimination by mapping 

Channel 2 (temperature) data when the corresponding Channel 1 (water vapor) value 

exceeded some threshold. 

may be found in Section 5 . 2 . 2 .  

Details on this technique and selection of the threshold 

c. 

HRIR data above. 

d. 

HRIR data above. 

Convert temperature data to  alphanumeric codes a s  in option (b) of the 

Permi t  the composite mapping of multiple passes as in option (c) of the 

4 . 3  Program Structure and Operation 

4.3.1 HRIR Program 

4.3.1.1 Structure 

The program deck is available as a source deck consisting of a main pro- 

The main program and five subroutines a r e  written in gram and 18 subroutines. 

FORTRAN II. 
An object deck is also available. 

FORTRAN I1 monitor. 

The remaining subroutines a r e  written in the FAP machine language. 

Execution is under the control of the IBM 7094 

A general flow chart  for the main program is  given in Figure 4-1. This 

program is the control unit linking together the subroutines and input variables 

necessary to map the radiation data. 

11 
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4.3.1.2 Magnetic Tape Mountings 

Columns 

1-5 

6-7  

The selected NMRT's a r e  mounted on Tape Unit B-9 at 800 BPI. A blank 
tape is mounted on Tape Unit A-8 for card output. A scratch tape is mounted on 
Tape Unit A-3 for optional output information upon completion of main program. 

Format Symbol Definition 
15 JTAPE Tape number of the 

NMRT to be mounted 
on B9. 

cards to follow. 
12 JCARDS Number of Type 2 

4.3.1.3 Control Cards 

There a r e  two types of control cards used in this program. The Type 1. 
card contains the tape number of the NMRT and the number of Type 2 cards to 

follow. 

required for each map o r  each time segment within the request. 

card is  placed at the end of the program deck, followed by an  End of File (EOF) 
card. 

The format for the Type 1 card is given in Table 4-1. A Type 2 card is  
A terminal blank 

The format for the Type 2 card is given in Table 4-2. 

Table 4-1 

Type 1 Card Format (HRIR and MRIR) 

4.3.1.4 Restrictions 

a. The number of horizontal mesh intervals (DNBR) for any map should 

not exceed 77. 
b. The number of rows created for any scaled mercator projection is a 

function of the Northern and Southernmost limits of a map, and this number must 

be less  than 104. Special tables exist for checking the row count in advance. 

c. When compositing orbits, input parameters CONI, CATN, CATS, SESH, 

DNBR, CUTOFW, CUTOFC on each Type 2 card should always be identical. 
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Table 4-2 

Type 2 Card Format  (HRIR) 

2 olumns 

1-3 

4-5 

6-7 

8-11 

12-13 

14-17 

18-20 

21 -23 

24-26 

27-3 1 

32-34 

35 

36 

37 

38-39 

40 

41 -42 

43 -48 

49-51 

52-54 

55 

Format  

F3.0 

F2.0 

F2.0 

F4.0 

F2.0 

F4.0 

F3.0 

F3.0 

F3.0 

F5 .3  

F3.0 

F1.O 

F1.O 

I2 

I2 

F3.0 

F3.0 

A1 

Symbol 

CDAY 

CHOUR 

C MIN 

CDELT 

CNADR 

C PASS 

C ON1 

CATN 

CATS 

SESH 

DNBR 

PARITY 

WRDAT 

IFITGO 

MAP 

CUTOFW 

CUTOFC 

INK 

I) ef inition 

Day of year of starting point of time interval to 
be mapped 

Hour of starting point of time interval to be 
mapped 

Minute of starting point of time interval to be 
mapped 

Time interval to be mapped in minutes 

Value of nadir angle above which data is not 
considered 

Pas  s number 

Easternmost longitude (measured f rom Oo to 
360° westward) 

Northernmost latitude to be displayed in map; 
negative if in southern hemisphere. 

Southernmost latitude to be displayed in map; 
negative if in southern hemisphere 

Number of degrees of longitude per horizontal 
map interval. (Determines map scale) 

Number of grid lines to form map 

Blank 

Non-zero value in this column causes a data 
record input with a parity e r r o r  to be skipped 
in processing 

Non-zero value in this column causes informa- 
tion on each data point mapped to be written on 
A3 (optional listing) 
Number of data file of NMRT in which process- 
ing is to be done 

Blank 

0-Composites maps; I-Output maps in card f o r n  
only; 2-Output maps in both card form and reg- 
ular printed form 

Blank 

Used for card output. Any temperature greater 
than o r  equal to CUTOFW will be represented 
a s  a 9 punch on a card  

Any temperature less than CUTOFC is rejected 
during map construction 

Any printer character desired to represent no 
data on a card  (usually left blank) 
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4.3.2 MRIR Program 

4.3.2.1 Structure 

The program deck is available as a source deck consisting of a main pro- 

g ram and 19 subroutines. 

FORTRAN 11. 
also available. 

The main program and six subroutines a r e  written in 

The remaining subroutines a r e  written in FAP. An object deck is 
Execution is under the control of the IBM 7094 FORTFUN 11 monitor. 

The general flow chart  for the main program is identical to that presented 

for the HRIR program (Refer to Fig. 4-1). 

4.3.2.2 Magnetic Tape Mountings 

Identical with the HRIR case; refer  to Section 4.3. 1.2. 

4.3.2.3 Control Cards 

As before, there a r e  two types of control cards used in this program. Card 

Type 1 remains unchanged. 

Type 2 also remain unchanged. 

Table 4-3. 

Refer to Table 4-1. Columns 1 through 39 of card 

The format for the MRIR Type 2 cards is given in 

See Figure 4-2 for card deck setups. 

4.3.2.4 Restrictions 

a. 

b. 

c .  

Same as Section 4.3. 1.4 (a) above. 

Same as Section 4.3.1.4 (b) above. 

When compositing orbits, input parameters CONI, CATN, CATS, SESH, 

DNBR, KCHAN, DISCRM, CUTOFW, CUTOFC, and I F V  on each Type 2 card should 

always be identical. 
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Table 4-3 

Type 2 Card Format  (MRIR) 

Columns 

1-3 

4-5 

b-7 

8-1 1 

1 2 - 1 3  

14-17 

18-20 

21-23 

2-4-26 

27-31 

32-34 

35 

36 

37 

38-39 

40 

41 -42 

43 -48 

49 

50-55 

56-57 

58-60 

61-63 

64 

Format  

F 3 . 0  

F Z .  0 

F 2 . 0  

F 4 . 0  

FZ. 0 

F4. 0 

F 3 . 0  

F3. 0 

F3 .0  

F5. 3 

F3.0 

F 1 . O  

F 1 . O  

I2 

I1 

I2 

F 6 . 2  

I1 

F6 .3  

I2 

F3 .0  

F3.0 

A1 

Symbol 

CDAY 

CHOUR 

C IMIN 

CDELT 

CNADR 

C PASS 

CONI 

CATN 

CATS 

SESH 

DN BR 

PARITY 

WRDAT 

IFITGO 

KCHAN 

MAP 

WSTAR 

IFV 

DISCRM 

JSZAL 

CUTOFW 

CUTOFC 

INK 

Definition 

Day  of year of starting point of time interval to 
bc mapped 

Hour of starting point of t ime interval to be 
mapped 

Minute of starting point of time interval to be 
mapped 
Time interval to be mapped in minutes 

Value of nadir angle above which data i s  not 
considered 

Pass number 

Easternmost longitude (measured from Oo to 
360° westward) 

Northernmost latitude to be displayed in map; 
negative I f  in southern hemisphere 

Southernmost latitude to be displayed in map; 
negative if  in southern hemisphere 

Number of degrees of longitude per  horizontal 
map interval (Determines map scale) 

Number of grid lines to fo rm map 

Blank 

Non-zero value in this column causes a data 
record input with a parity e r r o r  to be skipped 
in processing 

Non-zero value in this column causes  informa- 
tion on each data point mapped to be written on 
A3 (optional listing) 

Number of data file of NMRT in which process- 
ing i s  to.be done 

MRIR channel number to be mapped 

0-Composites maps; 1 -Output maps in ca rd  forn 
only; 2-Output maps in both ca rd  fo rm and reg- 
u l a r  printer fo rm 

Channel 5 w* reflectance value 

Number of discriminating channel 

Threshold value 

Solar zenith angle limitation for Channel 5 
reflectance 
Used for ca rd  output. Any temperature grea te r  
than o r  equal to CUTOFW will be represented ai 
a 9 punch on a ca rd  
Used for  ca rd  output. Any tempera ture  equal t c  
o r  l e s s  than CUTOFC will be represented as a 
12 punch (t) on a card  

Any pr in te r  charac te r  desired to represent no 
data on a c a r d  (usually left blank) 
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4.4 Subroutines 

4.4.1 HRIR Subroutines 

This section lists the HRIR subroutines and gives a brief summary of their 

purpose: 

Subroutine Purpose 

WIPE 

MOVFIL 

RDOC 

RFIL 

INIT 

INTERP 

COMPA 

TIN1 

MGRID 

OUTPUT 

SS T 

IBLK 
HEAD 

WRITE 

Called by main program to set NGATE flag to  1 for entry to 

SST for initialization of map ar rays  

Called by main program to locate proper file on NMRT 

Called by main program to read NMRT documentation record 

Called by main program to read past NMRT I.D. file 

Called by main program to store card Type 2 data for use by 

INTERP. Calculates upper and lower limits of map 

Called by main program to unpack data contained in an NMRT. 

Calls upon other subroutines to calculate nadir angle, latitude, 

longitude and map coordinates. 

discriminant as  they a r e  called up 

Called by INTERP to calculate nadir angle of data point 

Called by INTERP to calculate latitude and longitude of data 

point 
Called by INIT and INTERP to calculate number of map rows 

required and map coordinates 

Called by main program to set NGATE flag for  requested options 

for entry to SST 

Called by INTERP, WIPE and OUTPUT to accomplish one of 

five tasks a s  a function of NGATE setting: 

(1) initialize map ar rays  

( 2 )  compile map data 

(3) calculate average 

(4) output maps in printed format 

( 5 )  output maps in card format 
Called by SST to acquire no-data card code 

Called by INTERP to write heading line to identify data listed 

by WRITE 

Called by INTERP to write accepted data values 

Rejects data on basis of 
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RRKD 

RRDKl 

FXFLO 

FLOFX 

Called by main program to input next data record 

Called by main program to initialize redundancy and EOF 

indicators to off condition 

Called by various subroutines. 

Called by various subroutines. 

Fixed to floating point 

Floating to fixed point 

4.4.2 MRIR Subroutines 

MRIR subroutines MOVFIL, RFIL, TINI, MGRID, SST, RRKD, RRKDI, 

COMPA, FXFLO, and FLOFX a r e  identical with the corresponding HRIR subroutines. 

The remaining eight HRIR subroutines have equivalent like-named counterparts in 

the MRIR programs, but with some changes due to basic data format differences 

(see Appendix A). 

The MRIR program has one additional subroutine: 

Subroutine Purpose 

N2C5R Called by INTERP to calculate Channel 5 reflectance 
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5. C LOUD DISC RIMINAT ION 

Since the early TIROS studies the presence of cloudiness has remained the 

primary deterrent to obtaining accurate SST maps of sufficiently wide coverage. 

While nothing can be done to remove the effects of cloudiness, considerable effort 

has been placed into the task of a t  least  removing cloud contaminated data points 

from the temperature analyses. 

5.1 Daytime Cloud Discrimination 

5. 1.1 HRIR Daytime Cloud Discrimination 

The 3.5 to 4. l k m  spectral region of the HRIR sensor extends far enough in- 

to the solar radiation spectrum so that daytime HRIR measurements a re  strongly 

influenced by reflected solar radiation. 

depending upon some combination of temperature and brightness, and a r e  nearly 

impossible to accurately distinguish. As a result, daytime HRIR cases were not 

used in this study although evidence of the north wall of the Gulf Stream may be 

seen in some of the passes. 

even in the clear areas, cannot be relied upon due to the solar reflectance problem. 

Clouds may appear either light or  dark 

The absolute temperature values recorded however, 

5. 1.2 MRIR Daytime Cloud Discrimination 

Pas t  studies have shown that, in the absence of sunglint, the reflectance, o r  

By set- albedo, of the sea surface i s  extremely low compared to cloud reflectance. 

ting an appropriate albedo threshold value, cloud contaminated data points can be 

effectively eliminated (Conover, 1965). Analysis of the Nimbus I1 daytime MRIR 

data has resulted in the choice of a 15% albedo threshold value as the cut-off between 

clear and cloudy areas .  This particular reflectance value corresponds most closely 

with abrupt changes in  Channel 2 temperature as the sensor enters o r  leaves a 

cloudy area. 
One difficulty, however, is that the presence of thm cirrus  clouds is  often 

not readily apparent in the reflectance channel data. 

body equivalent temperatures though, these clouds do exert a marked influence on 

the Channel 1 data. Channel 1, which operates in the 6.4-6.9 pm water vapor ab- 
sorption band, records the ambient temperature of the atmospheric moisture. As 

Because of their cold black 
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a result, an investigation was conducted to determine the feasibility of jointly using 

the Channel 5 reflectance, and Channel 1 water vapor data (combine options (a) and 

(b) of Section 4.2.2 above) to delineate cloud contaminated areas .  

The investigation was based on the joint analysis of daytime satellite data 

(MRIR) and ground based cloud observations extracted f rom WBAN 10 forms. Since 

cloud reports a r e  readily available only over land areas ,  case studies were confined 

to the eastern coast of the U.S. The results of these studies showed that for  the 

safest and most complete elimination of cloud contamination f rom the Nimbus day 

time data, it is necessary to use a combination of the 15 To albedo threshold and a 

237OK water vapor threshold (clear,  for  Channel 1 temperature greater than 237OK). 

The ability to distinguish cloudiness using Channel 1 data has immediate application 

to the problem of nighttime cloud discrimination when albedo data is not available. 

Details of similar case studies run for  the Gulf Stream region, and the choice of the 

237'K Channel 1 threshold value, a r e  provided below in the discussion of MRIR 

nighttime cloud disc rimination. 

5.2 Nighttime Cloud Discrimination 

5.2.1 HRIR Nighttime Cloud Discrimination 

The Nimbus I1 HRIR radiometer operated in a single spectral region so  that 

the only readily available means for  cloud discrimination were the temperature data 

themselves. The choice of a threshold value in this case is  relatively arbitrary,  

although 280 K is one value commonly used. This value assures  that most of the 

truly cloud-free data will be included, while the amount of cloud contamination i s  

kept relatively small. Fog, low warm clouds, and high thin c i r rus  a r e  cloud types 

most commonly missed by this technique. 

0 

The possibility of developing computer programs to eliminate cloud f rom 

the nighttime HRIR data using the MRIR water vapor data was considered. 

of the relatively short lifetime of the MRIR sensor (74 days, 15 May to 28 July 1966) 
relative to the HRIR (6 months) and the probable complexity of such a program,it was 
not felt that such an  effort would be justified. To demonstrate that such an approach 

could be taken, however, a few cases were run where the melding of the MRIR and 

HRIR data was done by hand. An example of one such analysis may be seen in  

Figure 5-1 

Because 
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These a r e  the nighttime H€UR data f rom Pass 380 of Nimbus 11. ' Two types of 

cloud discrimination a r e  used: HRIR temperature below 282OK, and MRIR Channel 1 
data below 237OK. 

gion the warm Agulhas Stream flows south along the eastern coast of Africa to about 

4OoS. 
Agulhas. 

along the western coast of Africa. 

dence of both the Agulhas and Benguela currents. 

ture  patterns is typical of HRIR SST maps. 

versy as to the "realityf1 of these detailed patterns. 

to sensor noise is discovered, it is a question which may never be resolved. 

there may be no solution. 

o d y  the top few tenths of millimeters of the water surface), these patterns may be 

"real'f only to IR instruments and would never be observed in the conventional ship 

data. 

The area  is off the southern coast of South Africa. In this re -  

There, it encounters the cool Southern Hemisphere West Wind Drift at Cape 

Starting at Cape Agulhas, the cold Benguela Current moves northward 

In the cloud-free a reas  one may clearly see evi- 

The fine structure in the tempera- 

There is at present considerable contro- 

Unless some direct connection 

In fact 
Due to the nature of remote IR measurements (i. e. sensing 

5.2.2 MRIR Nighttime Cloud Discrimination 

In seeking a Channel 1, water vapor, threshold value for  use in nighttime 

cloud discrimination, two types of analyses were performed. 

matching of the Channel 1 patterns with the reflective patterns of Channel 5. 

other was a statistical analysis of the significance of assumed Channel 1 clear a rea  

cri teria.  

One was a simple 

The 

5.2.2.1 Channel l/Channel 5 Matching 

Consecutive daytime MRIR passes  for  approximately one week were run for  

the Gulf Stream region. Cloud f r ee  areas ,  as indicated by using various Cfiannel 1 

thresholds, were compared with those obtained using the Channel 5,1570 albedo cut- 

off. 

rate, i. e. the probability that a point indicated to be cloud was in fact clear,  and 

the failure rate, i. e . ,  the probability that a point indicated to be clear was in fact 

cloud. 

derived f rom Pass 511 on 22 June 1966. 

than 239OK, the false alarm rate approaches 500/0. 

rate generally exceeds the failure rate. 

F o r  each water vapor threshold, two numbers were calculated: the false alarm 

The results for  a typical pass  a r e  shown in  Figure 5 - 2 .  These data were 

It will be noted that for  thresholds less  

As expected, the "false alarm" 

This is because the Channel 5 albedo 
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Figure 5-2 Channel 1 False Alarm - Failure Rate (Nimbus 11, Pass  511) 
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discrimination technique, a s  mentioned above, tends to miss certain cloud forms 

such as high thin cir rus ,  Analysis of several cases such as  that shown in Figure 

5-2 led to a choice of 237OK as the Channel 1 water vapor, clear-cloudy threshold. 

As usual, any such choice involves a trade-off between data quality and data quantity. 

In our studies quantity was often sacrificed to obtain higher quality, more cloud- 

f ree  analyses. 

Figure 5-3 shows the analyzed Channels 1, 2 and 5 data for orbit 470. Only 

the following isolines a r e  shown: 

Channel 1: 235OK 
Channel 2: 280°K and 290°K 
Channel 5: 207'0 albedo 

F rom the figure, the following points may be made: 

0 a. Areas having a Channel 1 temperature less  than or  equal to 235 K, cor-  

respond very well with a reas  having albedos less  than or  equal to 207'0. 

i s  the band of cool Channel 1 temperatures between loo and 20° North. 

a reas  where the Channel 2 temperatures a r e  less  than 280°K (high thin c i r rus? ) .  

On the whole, Channel 2 temperatures less  than 280°K fall within the 

a reas  where the Channel 1 temperature is less than 235'K, and the Channel 5 albedo 

exceeds 207'0. 

As would be expected, the downward revision of a Channel 5 threshold can be best 

matched by a corresponding increase in the Channel 1 threshold. 

choice of a 237OK water vapor channel threshold is consistent with a slightly lower 

(15700) albedo threshold than the one used in this example. 

An exception 

b. Within this cool band, however, it is interesting to note that there a r e  

c. 

Thus, the ultimate 

5.2.2.2 Statistical Approach 

A study was made of the statistical significance of several Channel 1 thresh- 

olds, Tt, used in  conjunction with a Channel 5 albedo threshold, Rt, of 12%. 

technique used was that of computing chi-square values based upon contingency 

tables. 

of the four following categories: 

The 

Each of the data points in  a chosen a rea  was counted as belonging to one 
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Figure 5-3 Analyzed Channels 1 ,  2 and 5 Data (Nimbus 11, Pass 470)  
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I : R < 1270, T 1. Tt : both indicate clear - 
I1 : R 5 127'0, T < Tt : false alarm 

111 : R > 1270, T 2 Tt : failure 

I V  : R > 12%, T < Tt : both indicate cloud 

m- 
- > 235OK 

<235OK 

where R is the Channel 5 reflectance, and T is the Channel 1 temperature. 

< 1270 > 12% 

1143 5 63 

227 315 

An example of these calculations for  two widely separated Channel 1 thresholds 

is  seen in Table 5-1 below. 

Table 5-1 

Cloud Discrimination Contingency Tables 

x z  = 109.0 x2 = 56.1 

These data represent a composite of several MRIR passes over the same geographic 

area. 

exceeds the false alarm rate, while with the threshold at 241 K, the reverse is true. 

It should be noted that the calculated chi-squares a r e  pessimistic insofar as the 

"false alarm" rate is artificially high due to the inability of-the albedo channel to 

discern certain cloud forms. 

As can be seen, at the lower Channel 1 threshold of 235OK, the failure rate 
0 

A graph of the computed chi-square values for  seven Channel 1 thresholds 

is presented in  Figure 5-4. This parameter is seen to peak at a Channel 1 threshold 
of 237OK, although the curve is relatively flat f rom 235O to 237OK. In each case, the 

probability of a value of x 2  being at least as great as those shown here is much less 

than 170, so that the degree of association between the Channel 1 and Channel 5 thresh- 
olds is quite significant. 

hypothesis decreases sharply for  Channel 1 temperatures greater than 239'K. 

As can be seen, the justification for  rejection of the null 
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Channel 1 Threshold ( O K )  

Figure 5-4 Computed Chi-square Values 
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5 . 3  Summary 

As has been shown, a combination of visible, IR window, and water vapor 

absorption data is  best  suited to the detection of cloud contaminated data points. In 

the nighttime cases only the temperature and water vapor data a r e  available. Thin 

c i r rus  clouds may be missed by the visible channel, but a r e  usually detected in the 

water vapor band. 

been established for  the visual, temperature, and water vapor channels respectively, 

no unique fail-safe set of thresholds a r e  available. The use of manned spacecraft 

observations to further resolve clear-cloudy radiation differences, and to examine 

such problem a reas  a s  small (less than the sensor resolution) scattered cloudiness 

While tentative thresholds of 15% albedo, 280°K, and 237OK have 

i s  discussed in  Section 8. 
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6. RECOMMENDATIONS ON OPTIMUM 

DATA SOURCES, PROCESSING AND ANALYSIS 

6.1 Data Sources 

As outlined ear l ie r  in  this report (Section 1.3), the most ideal satellite 

system fo r  the operational measurement of cloud-f ree sea surface temperature 

data would be a near-polar orbiting sun synchronous vehicle with high resolution 

cross-track scanning in several spectral  regions. The multiple spectral region 

feature if properly calibrated would permit real  time flagging of cloud contaminated 

data, and hence the immediate mapping of c lear  sky temperature data. It should be 

noted that TIROS-My scheduled to be launched during the second quarter of 1969, 

closely approximates such a system. 

a two channel (. 52 to .73pm, visible and 10.5 to 12.5pm, infrared), high resolution 

(4 n. mi. at subpoint), scanning radiometer. Real-time processing of the radiation 

data with a digital tape output is being planned by the National Environmental Satel- 

lite Center (NESC). 

It will  be in a sun synchronous orbit and ca r ry  

In the absence of real  time measurements of visible radiation data to com- 

plement the infrared information, an alternate source of cloud data must be sought. 

Since October 1966, NESC has mapped satellite visible imagery on a daily global 

basis for  a variety of users  (Bristor, 1968). 

determine the latitude and longitude of each digital brightness sample. 

Earth locator information is used to 

These loca- 

tions are replotted as a digital map in a standard polar stereographic or  other type 

projection for  easy comparison with other environmental data. 

(4096x4096) map a r r a y  is  reserved on computer disks for  each polar hemisphere. 

Since January 1967, archival hemispheric tapes have been prepared with mesoscale 

(512 x512) arrays.  A point-to-point message format tape is available for relay and 

further treatment by computer. 

A fine mesh 

The digitized cloud maps described above could serve as a substitute for  

other, more direct, cloud discrimination data if the latter a r e  not available. These 

maps would, of course, be usable only for  the daytime data. 

would be encountered is  that the digitized cloud maps a r e  not, in general, valid for  

the precise time of the infrared measurements. Possible solutions to this problem 

include the artificial enlargement of the indicated cloud a reas  a s  a function of the 

One problem which 
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magnitude of the time discrepancy, o r  even advecting the clear-cloudy information 

in time. Insofar as this latter approach requires a knowledge of the existing wind 

field, and neglects such phenomena as cloud dissipation and generation, its use is 

probably not feasible at the present time. 

6.2 Data Processing 

6.2.1 U s e  of Temperature Gradients 

Within the present state-of -the-art, i t  i s  not possible to accurately account 

for  the absolute effects of atmospheric attenuation on a real-time basis. 

Nimbus data yields accuracies of 2 1 to 2 K only if  corrections for  atmospheric at- 

tenuation of 2 1 to 5'K a r e  applied). 

of the temperature and humidity structure of the intervening atmosphere. 

accomplish this a r e  currently being investigated (Bandeen, 1968), but a r e  not a s  yet 

available. Possible approaches include the use of a Temperature Humidity Infrared 

Radiometer (THIR) and a Filter Wedge Spectrometer (FWS), both of which a r e  being 

developed to fly on Nimbus D in the first quarter of 1970. 

(Present 
0 

To do so  would require a detailed knowledge 

Ways to 

Until it is possible to automatically include atmospheric attenuation effects, 

the operational use of satellite derived sea surface temperature information must 

be restricted to the use of temperature gradients only. These gradient data must 

then be combined with the absolute temperature values as  recorded by conventional 

shipboard measurements. 

In combining the satellite gradient data and ship data, F N W F  currently pro- 

duces a daily computer drawn SST map for the Northern Hemisphere utilizing a data 

base of 84 hours of conventional surface ship data. In view of the vast time and dis- 

tance scale advantages of satellite radiation data, real-time melding of cloud-f ree,  

Satellite derived, sea surface temperature gradient data with the conventional ship- 

board observations should be considered. 

spectral, high r e  solution radiometer, the cloud disc rimination technique s discus sed 

in Section 5 above would be immediately applicable to such a program. 

three dimensional temperature surface, is, in effect, mathematically f i t  to the a r ray  

of surface measurements which act  as a forcing function on the satellite data. 

General mathematical techniques to meld gradient and absolute data a r e  available 

and are adaptable to the CDC 6500 computers used by the Fleet Numerical Weather 

Facility (Danard, 1967). Of course, the use of gradient data does not affect the re -  

quirement for  recognition of cloud contaminated data. 

Assuming the existence of a multi- 

A flexible, 
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6.2.2 Atmospheric Attenuation 

While it is not yet possible to remove entirely the effects of atmospheric 

attenuation, some corrections can be made fo r  its variation, 

and geographic location. 

relatively simple task. 

certain spectral  regions for  standard atmospheres (Wark, 1962). Current programs 

avoid the worst of the nadir angle problem by rejecting data acquired above some 

specified nadir threshold (see input CNADR on Card Type 2, Tables 4-2 and 4-3). 

both with nadir angle 

Correcting for  the variation with nadir angle would be a 

The magnitude of this effect has already been evaluated in  

Correcting for  the spatial variation of attenuation called for in  large scale 

If this is not operational applications would be a considerably more difficult task. 

done, however, the varying attenuation patterns caused by changes in  air mass  will 

introduce false temperature gradients into the analyses. Possible sources of humi- 

dity data might include F N W F ' s  12 hourly analysis of the atmospheric mass structure, 

o r  some variation of the Nimbus II Channel 1 water vapor data. 

using data f rom a water vapor absorption band has already been investigated (Fritz,  

1967 and Bandeen, 1968). 

The possibility of 

6.2.3 Data Compositing 

Insofar a s  the ship data used by F N W F  in their  daily SST maps must be 

accumulated over 3-1/2 days (to insure enough data f o r  meaningful analyges, I ,  it 

may be desirable to increase the effective coverage of the satellite data by compo- 

siting it over a number of passes.  

developed. 

compositing interval is highly dependent upon the particular geographic region in 

question. Additionally, the variation in  time of the desired surface temperature 

patterns places limits upon the duration of compositing time which can be tolerated. 
Compositing over too long a period may average out o r  obscure the patterns intended 

for  study. Considerations such as these a r e  particularly useful in planning research 

programs, o r  in evaluating the potential usefulness of satellite data for  particular 

applications. 

emphasis on the Gulf Stream region will be presented in Section 7.1. 

Again, the techniques for doing so have been 

Just how much coverage can eventually be obtained a s  a function of the 

A more detailed discussion of such considerations with particular 

33 



6 . 3  Data Analysis 

6.3.1 Operational Use 

The approach to the problem of data analysis depends to a great extent upon 

the use to which the data will  eventually be put. 

cations, computer drawn analyses represent the only feasible solution. In case of 
the FNWF daily SST maps of the Northern Hemisphere, the requirement for  rapid 

dissemination and transmission of these data necessitates a simple format consisting 

of computer drawn isolines of uniform temperature. Computer generated color pre-  

sentations a r e  currently possible, but require elaborate and expensive technique s 

and equipment, and cannot be easily transmitted to other locations. 

Certainly for operational appli- 

6.3.2 Research Use 

6.3.2. 1 Digital Color Pr inter  

Fo r  research applications, the tedious and time-consuming hand analysis 

of the resultant temperature maps continues to be the most prevalent approach. 

Even the interpretation of computer-drawn analyses can be extremely difficult, 

often requiring hand coloring of the temperature patterns. 

this problem, particularly in  the development of the Gulf Stream time history to be 

discussed in Section 7 .2  a simple photographic device developed under a separate 
in-house study by Allied Research was employed. 

In an attempt to by-pass 

The Digital Color Pr inter  may be used to produce color coded analyses of 

any digital array.  The number of possible color selections is limited chiefly by 

the ability of the human eye to distinguish between them. In i ts  present format, 

12 colors a r e  available (one for  each row of a standard punched computer card), 

although by going to a system of mixing colors in a three primary color arrange- 

ment, 125 separate hues may be obtained. 
values of any digital a r r ay  must first be converted to a single digit, alphanumeric 

code for  output in a punched card format. 

included in both the modified MRIR, and HRIR programs. ) The punched cards a r e  

In the present system the numerical 

(As seen in  Section 4, this option is now 
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then placed on a color fi l ter  platen and their image is effectively swept past a slit 

aperture producing a row of color coded spots corresponding to a row of numbers 

of the original digital array.  

interchanged o r  replaced so that particular features of the analysis may be empha- 

sized without re-running the program. 

The color strips of the fi l ter  platen may be easily 

An example of the output of the Digital Color Pr inter  may be seen in Figure 

6-1. 

28 August 1966 during pass 1396 of Nimbus 11. 

data was 1:l million, so that the width of each of the colored squares seen in the 

Figure is  about 7 .5  miles. Each of the nine colors represents a 2 degree Kelvin 

temperature increment ranging f rom 300°K at the red end to 283'K and cooler in 

the blue. 

coast, including Cape Hatteras and the DelMarVa Peninsula stand out against the 

warmer waters of the Atlantic Ocean and the Chesapeake Bay and the Delaware 

Bay. 

picture, outlining a major meander. 

portion of the analysis a r e  due to partial cloudiness. 

These HRIR data are recorded over the Gulf Stream area at local midnight on 

The scale of the original digitized 

On the left side of the map, the relatively cool land areas  of the east  

The north wall of the Gulf Stream i s  clearly seen in  the central portion of the 

The cooler temperatures seen in the southeast 

Figure 6-2 shows a hand drawn analysis of the same data. While the loca- 

tion of the Gulf Stream can be inferred, its position is not nearly as obvious as it 

was in Figure 6-1. 

devices can save a considerable amount of time and effort which would otherwise 

have been spent in analyzing and interpreting the traditional grid-print maps. 

It is clear that the use of the Digital Color Printer,  or  similar 

6 . 3 . 2 . 2  Single-Digit Analyses 

In working with the Digital Color Pr inter  it was found that a simple print- 

out of the punched card data resulted in  a temperature a r r a y  which was much easier  

to analyze than the standard grid-print map. The improvement of course, is  due to 

the ability of the human eye to discern patterns in a field of single-digit alphanumeric 

symbols. 

to mentally convert f r o m  symbols to temperature values, negates the analysis 

advantages. 

such as the english alphabet, is used, the advantages of a shorter analysis time will 

far exceed the disadvantage of converting f r o m  symbols to temperatures. 

Objections have been raised that the extra step required in such a format, 

We feel, however, that if  a sufficiently familiar set  of ordered symbols, 
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One possible application would be the "full resolution" mapping of the HRIR 
data where every digitized point in  a swath i s  output in alphanumeric form. 

cial symbol could be reserved for output at even 5O latitude-longitude intervals. 

Connecting these special symbols by straight lines would result in a gridded, full 

resolution HFUR map on a single piece of paper of manageable size. 

work has already begun at Allied to develop such a full resolution program. 

A spe- 

The initial 
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Figure 6-1 Digital Color Printer Output (Nimbus 11, Pass 1396) 
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Figure 6-2 Hand-Drawn Analysis (Nimbus 11, Pass 1396) 
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ED. 

7. MEASUREMENT O F  SEA SURFACE TEMPERATURE 

PATTERNS AND THEIR SYNOPTIC CHANGES 

7.1 Remote Measurement of a Time-Varying Phenomenon 

A brief glance a t  any full-disk earth picture reveals that the primary problem 

in developing a t ime history of some changing surface feature is the cloud cover. 

There is a tendency for those oceanographic areas  which exhibit the greatest syn- 

optic change, such as  the Gulf ,Stream or  any major current, to have frequent and 

persistent fronts and cloud cover.\ It is extremely r a r e  that such a large scale 

feature can be viewed under completely cloud free conditions. 

led to a number of questions. 

under cloud-free conditions? 

every third day, or  once a week? 

is it possible to generate meaningful temperature pattern analyses by making com- 

posite maps? For  a region with varying surface features, what is the probability of 

obtaining a workable amount of coverage before the patterns change? 

pos s ible, except under unusual meteorological circumstance s? 

These considerations 

aow often is it really necessary to view a given area 

Would it be sufficient to view it every other day, o r  

If an area is partly cloudy on consecutive days, 

Is it even 

The answers to these questions depend to a great extent upon both the nature 

of the body of water being studied, and upon the climatological characteristics of 

the intervening atmosphere. As an example of the remote measurement of changing 

sea surface temperature patterns, the behavior and structure of the Gulf Stream 

will be considered in Section 7.2. 

approach to the cloud cover problem. 

application of the cloud statistics, the Gulf Stream region is emphasized. 

The following paragraphs'present a statistical 

In presenting examples of the generation and 

7.1.1 ' World-Wide Cloud Data Bank 

In a separate study, Allied Research has prepared probability distributions 

of world-wide cloud cover for use in the simulation of earth-oriented observations 

from space (Sherr, 1968). 

tion routines dictates the subdivision of the earth into nominally homogeneous cloud 

climatic regions. 

the data volume that must be handled by the computer and by the amount of suitable 

The practical use of cloud statistics in computer simula- 

The number of such regions is arbitrari ly set by consideration of 
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data available. Figure 7-1  presents the selection of 29 cloud regimes derived f rom 

standard climatology, general cloud summaries , conventional and satellite observa- 

tions, and cloud data f rom selected stations. 
included primarily in Regions 13 and 20. 

Note that the Gulf Stream area  is 

For  each of the 29  regions, both unconditional and temporal and spatial 

conditional cloud cover statistics were derived. 

derived for  eight times of day and for each month of the year.  

data, the conditional statistics received only a seasonal stratification. 

amount categories were defined: 

The unconditional statistics were 

Because of insufficient 

Five cloud- 

Category 1 Clear skies 

Category 2 1, 2 and 3-tenths cloud cover 

Category 3 

Category 4 6,  7, 8 and 9-tenths cloud cover 

Category 5 Over cast. 

4 and 5-tenths cloud cover 

Unconditional cloud cover statistics a r e  frequency distributions of fractions 

of sky covered, expressed in percent frequency. 

present the probability of cloud amount X occurring at some given point 24 hours 

after the occurrence of cloud amount Y at the same point. The spatial conditional 

tables present the probability of cloud amount X occurring at some given time 200 
miles distant f rom the occurrence of cloud amount Y at that same time. Data for 

these tabulations were derived from 10 to 15 years of weather records f rom 

approximately 100 observing stations distributed throughout the world. 

to five years of satellite data were used particularly,in the preparation of the 

spatial conditional tables. 

The temporal conditional tables 

The three 

Mathematical procedures a r e  provided to adjust the conditional distributions 

to other time and distance separations. 

special procedures a r e  available to account fo 

intervals a r e  approached. 

tistics (representing approximately a 30 n.mi. circular a rea)  to be scaled into 

distributions representing enlarged area  sizes. 

due to the marked change in cloud cover distribution as a function of sampled area  

size. 

The cloud cover over the entire earth seems to stay reasonably constant at about 

400/0. 

of small areas  to more bell-shaped distributions at rates which depend upon the 

prevalence of large-scale cloud systems. ) 

In the case of the temporal conditionals, 

rnal effects a s  12 o r  36 hour 

Techniques are also presented to allow the basic sta- 

These techniques a r e  required 

(The cloud cover over a trae point can have but two values - clear and overcast. 

Intermediate sized a reas  have cloud distributions which pass from the U-shape 
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Tables 7-1 and 7-2 present the conditional and unconditional cloud statistics 

for Regions 13 and 20 for the months of June and October respectively. Note that 

f rom the unconditional tables, cloud categories 4 and 5 a re  the most probable for 

both regions for both June and October. 

these tables, consider the early evening (1900 local time) data for Region 13 for 

the month of October. 

there is only a 1% probability of clear skies. 

sees that, given initially overcast skies, the probability that the skies will still be 

overcast 24 hours later is 3970, and that the probability of overcast conditions 

200 miles away is 57%. 

unconditional overcast probability of 3670 . 
ability of continued clear skies 200 miles away is 61%. 

most probable cloud coverage 24 hours later is overcast skies. 

persistence is typical of areas  with high frontal activity. 

As an example of the interpretation of 

Typically, cloud categories 4 and 5 a r e  most probable, while 
Looking at  the conditional tables, one 

As might be expected, both of these values exceed the 

Given initially clear skies, the prob- 

Note, however, that the 

This so r t  of anti- 

7. 1.2 Use of Cloud Data Bank 

7.1 2.1 Procedures 

Simulation of cloud influence on specified sensor systems and mission 

objectives can be readily performed with considerable sophistication. 

of illustration, the overall logic employed for a Monte Carlo simulation of an 

infrared mission to provide SST maps within a specified cloud region will be 

describdd. 

in ascending order of cloud cover. 

For  purposes 

All distribution tables a r e  first organized as  cumulative probabilities 

Figure 7-2 is a block diagram of the program. Mission iteration number, 

NOQ, and pass number, n, a r e  initialized. The first draw is made from the 

unconditional table for the appropriate region by finding which cloud group prob- 

ability interval contains the random number, RAN. 

C(1), is number 1 (clear), a suitable tabulation is made to indicate that complete 

coverage occurred with one pass, and another mission is initiated. 

group is other than number 1, a photo coverage percentage, B, is assigned and the 

pass number is incremented by 1. A new cloud cover is drawn f rom the temporal 

conditional cloud table, using the row designated by the cloud cover drawn on the 

previous pass (given), and the column designated by a newly selected RAN. The 

new cloud cover is then used to calculate the incremented clear  sky coverage AB. 

If the cloud group selected, 

If the cloud 
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Table 7-1  

Cloud Statistics, Gulf Stream Region, June 

CL IMATDLOGICAL R E G I O N  NlJMRFR 13 S T A T I S T I C S  F O R  MONTH 6 

UNCONDITI l7YAC P R D B A R I L I T I F S  C O N D I T I O N A L  P R O B A E I L I T  I E S  
TTMF ( L S T )  24 HOUR TEMPORAL 230 NY S P I S T I N  

01 04 0 7  10 1 3  1 6  1 9  22 1 2 3 4 5  1 2 3 4 5  

1 o n 1  ,r)4 o C 2  e C 1  -PI 0 ' 7 7  an? ? e 0  0 2 7  006 e 4 0  a 2 7  1. a 1 C  e 1 0  e 2 5  e 3 5  e 2 0  

C L I M A T 3 L D G I C A L  R E G I O N  NUMBFR 20 S T A T I S T I C S  FUR MONTH 6 

U N C O N n I T I O N A L  P R O B A B I L I T I F S  C O N D I T I O N A L  P R O R A B I L I T  IES 
T I M E  ( L S T )  2 4  HOUR TEMPORAL 200 NM S P A T I A L  

31 04 97 10 1 3  16 1 9  22  1 2 3 4 5  1 2 3 4 5  
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Table 7-2 

Cloud Statistics, Gulf Stream Region, October 

C L I M A T O L O G I C A L  R E G I O N  VUYBER 1.3 S T A T I S T I C S  FOR MDNTH 10 

U NCON 0 I T I ON AL P RO BA t3 I L I T I E S C O N D I T I O N A L  P R O B A B I L I T I E S  
T I Y E  ( L S T )  2 4  HOUR TEMPORAL 2 3 0  NM S P A T I A L  

Q l  04 3 7  10 1.3 16 29 22 1 2 3 4 5  1 . 2 3 4 5  

3 017 0 1 5  e 1 3  e 0 7  a07 0 0 7  0 0 9  0 0 9  G 2 0 0 7  017 0 0 9  e 2 6  e 4 1  G 2 050  040  a 0 5  005  e 0  
I I 

E E 
3 ,fl9 0 0 8  - 1 1  .n6 ,IO *09 ,IO ,,#8 V 3 0 0 3  ,12 .lo .32 . 43  V 3 -05  - 1 5  - 5 5  - 2 0  ,05 

4 e 2 0  0 2 7  ,261 .44 -47 e 4 7  .44 * 4 3  N 4 001 010  -10 040 .39 N 4 .04 -0 *I6 ,6O .20 

5 a 4 2  e 4 3  cs46 a 4 3  e 3 6  036 036 m40 5 0 0  011 011 0 3 9  0 3 9  5 $ 0 5  .@3 0 0 5  a30 e 5 7  

C L I M A T O L D G I C A L  R E G I O N  NUMBER 2 0  S T A T I S T I C S  FOR MONTH 10 

UNCONOIT IOYAL P R D R A B I L I T I E S  C O N D I T I O N A L  P R O B A B I L I T I E S  
TIME ( L S T )  . 24 HOUR TEMPORAL 200 NM S P A T I A L  

1 2 3 4 5  01 04 3 7  10 1.3 16 19 22 1 2 3 4 5  

E 0 0 1  a 0 1  O D  0 0 3  -02 e 0 4  0 0 5  sC11 1 e22 033 0 0 7  019 0 1 9  1 -16  0 0 5  0 0 5  005 009  

2 e 3 8  e 1 6  013  e28 e 3 1  0 3 0  e32 01.6 G 2 004  039 014 0 2 5  018 G 2 017 e l 7  a08 008 a50 
I I 

E E 
3 * I 4  0 1 2  014  012  - 1 4  .IO .I3 .14 V 3 -01  .22 , l 8  -33  . Z 6 .  V 3 .13 - 1 2  .I5 -30 -30 

45  e45 e45 029 e 2 4  025 - 2 3  0 4 5  N 4 001 018 014 041 026 N 4 014 0 0 9  014 045 -18 

S a 2 2  e 2 6  e28 a28  029 e 3 1  e 2 7  0 2 4  5 002 e 1 4  012 0 3 6  e 3 6  5 e 1 3  . O 6  a12 016 0 5 3  

i .  

i 
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Q = O  

4 

C[1]  = UNCON(RAN) 

- Tobulote or Distribute B t n l  

for n = n  to n = N  

I Complete Tabulation - end I 

0 
t 
(0 
a, 

Figure 7-2 Monte Carlo Program to Generate Probability 
Distribution of Infrared Cove r a g  e 
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The incremental photo coverage is a stochastic function of the existing photo 

coverage and the new cloud group. The form of the function depends upon the 

dissection of the cloud, which can be estimated f rom the original cloud cover 

distribution. 

whole area,  the incremental photographic coverage of pass n is given by: 

If we assume that the clouds a r e  always randomly scattered over the 

where AB(n) 
B(n-1) is the photo coverage after n-1 passes, and 

4 n )  is the cloud amount of the nth pass. 

is the incremental photo coverage added on the nth pass, 

The incremental coverage may add no new information at  all, or  it may result in 

total coverage. 

age achieved is recorded as  a function of the number of passes. 

repeated for the N passes allowed in the total mission. 

NOQ times. 

influence of cloud on specified mission objectives on a regional basis. 

If it does, the 100% coverage branch is followed. If not, the cover- 

This process i s  

The simulation is iterated 

This simulation approach can provide a quantitative measure of the 

7. 1.2.2 Application to Gulf Stream 

Using the cloud statistics f rom Tables 7-1 and 7-2, the Monte Carlo Pro-  

gram described above was applied to the Gulf Stream region for the months of 

June and October. 

shows the anticipated cloud coverage for the month of June assuming daily noontime 

MRIR observations. 

month of October is presented in Figure 7-4. 

300 by 300 n. mi. was employed. 

tive mission iterations. 

The results a r e  presented in Figures 7-3 and 7-4. Figure 7-3 

A simulation of the daily HRIR nighttime observations for the 

In both cases, a scaled-up area  of 

Both were computer generated using 300 consecu- 

The separate curves a r e  labeled by pass number. 

The shapes of the curves in Figures 7-3 and 7-4 a r e  generally typical of 

those developed for other geographic areas .  F rom Figure 7-3, for example, we 

see that i f  we a r e  restricted to three-day composites due to changing temperature 
patterns, we have only a 10% chance of seeing 7570 of the area.  If a 90% coverage 

is demanded, there is only a 60% probability of achieving that much coverage, even 

after eight days. 

be unrealistic to hold out for  very high cloud-free coverage. 

The sharp drop-off of the curves in both figures shows that it may 
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IO 20 30 40 50 60 70 80 90 100 

Per cent Coverage . 

Figure 7-3 Statistics for Gulf Stream Region, Noon to Noon 
Passes,  June 
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Figure 7-4 Statistics for Gulf Stream Region, Midnight to  Midnight 
Passes ,  October 
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The increased coverage available in the October nighttime passes (Fig.  7-4) 

Now there is a 3570 probability of seeing reflects both seasonal and diurnal effects. 

7570 of the a rea  in three passes, and an almost 90% probability after 8 passes of 

seeing 9070 of the area.  

,cloud discrimination ability will more than double the usable data. 

nighttime data, however, it can be seen that certain experiments dealing with short- 

term, transient oceanographic features will have a very low probability of success, 

As will be seen in the following section, these statistical results a r e  verified by the 

MRIR analyses. 

Thus, it is quite possible that the development of a nighttime 

Even using the 

7. 1.3  MRIR Verification of Cloud Statistics 

Twenty consecutive daytime MRIR passes over the Gulf Stream region from 

10 to 30 June 1966 were run using the modified programs with a 1570 albedo clear-  

cloudy cut off. 

58O to 78O West. 

to approximate the 300 x 300 n.mi. a rea  for  which the computer statistics were 

generated. 

included in the analyses. 

mis-interpreted as cloud. ) 

The boundaries of the a rea  considered were 34O to 4 4 O  North and 

This region was subdivided into seven smaller a reas  5O on a side 

The 1:5 million Mercator map scale was used. Only ocean areas  were 

(The relatively higher reflectance of land areas  is often 

The procedure was to form frequency distributions of area coverage using all 

The passes were considered singly and in groups of five consecutive 20 passes. 

passes, ' thereby simulating the unconditional statistics for a single pass, and five- 

pass coverage respectively. 

each, were generated for each of the seven sub-areas. 

comparison of the unconditional statistics for a 300 X 300 n.mi. a rea  as generated 
f rom the cloud data bank, and as measured in the 20 individual passes. 

toward lesser  cloud amounts reflects c learer  than average sky conditions prevailing 

over the Gulf Stream area  for the month of June 1966. 

the measured Mve-pass coverage shown in Figure 7-6. 

a much more optimistic picture of c lear  sky probabilities. 

however, that the measured June data a r e  representative of only a single year,  while 

those derived from the cloud data bank a r e  based on 10 to 15 years of observations. 

Considering the differences in the data base, and in the number of independent 

iterations, it is felt that the MRIR results support the basic statistical procedures. 

Data  for 15 overlapping sets  of five consecutive passes 

Figure 7-5 presents a 

The shift 

This effect is also seen in 

The measured data present 

It should be recalled, 
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The shape of the two curves in Figure ?-6 a r e  quite similar, while the upward 

displacement of the "measured" curve can be at  least partially accounted for by 

the unusually cloud-free conditions evident in Figure 7-5. 

possible, however, that a more extensive measurement program could reveal a 

pessimistic tendency in the currently used cloud model. 

tion presented for the incremental coverage occurring on the nth pass, AB(n), in 
Section 7. 1.2.1, unless the cloud amount on the nth pass, A(n), is zero, complete 

coverage will  never be achieved. Fo r  this reason, it is now felt that straight line 
extrapolation of the predicted curves beyond 90% coverage may be more realistic. 

It is nevertheless felt that the current techniques can provide valid information a s  

to the feasibility of a variety of potential remote sensing projects. 

It is nevertheless 

For  example, in the equa- 

7.2 The Gulf Stream Region 

7 .2 .  1 Description 

Any description of the Gulf Stream region presented here must necessarily 

be confined to a brief general discussion of its physical characteristics. 

excellent review of the whole Gulf Stream problem may be found in the introductory 

textbook by Von Arx (1 962). 

An 

The surface water of the Gulf Stream is mainly derived from the southern 

part  of the North Equatorial Current. Water driven by the trades moves slowly 

across  the equatorial North Atlantic, through the Antilles into the Caribbean Sea, 

and through the Yucatan Channel into the southeastern portion of the Gulf of Mexico 

before entering the Straits  of Florida and the Gulf Stream system. 

F rom Cape Hatteras it extends toward the northeast at a mean bearing of 

about 070 degrees. 

uniform waters of the Sargasso Sea, while to the northwest a r e  the slope waters off 

the eastern continental shelf. 

25 to 40 n. mi. , and a velocity ranging from 45 to 140 n. mi. per day. 

patterns tend to migrate and amplify downstream, becoming increasingly complex, 
often breaking off to form warm o r  cold water eddies. The average wavelength of 

these meanders is  about 200 n.mi. ,  while the mean peak-to-peak height is  70 n.mi. 

Propagating speed of the meanders themselves seems to range f rom 4 to 10 n.mi. 

per day (Naval Oceanographic Office, 1967), although recent evidence suggests that 

they may at t imes become quasi-stationary (Wilkerson, 1967). Temperature 

To the southeast of this meandering current a r e  the relatively 

The main current has an effective width of from 
The meander 
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gradients of 5 to lOoK per 10 n. mi. exist across  the northeastern boundary (north 

wall) of the stream. 

and fall when they a r e  masked by intense surface heating of the cold Labrador water. 
The temperature gradients tend to be smaller in the summer 

7.2.2 HRIR Observations 

In the 174 day history of HRIR observations, the Gulf Stream was detected 

For  possible use by other investigators, on approximately 75 separate occasions. 

Table 7-3 presents a listing of these sightings giving the pass number, the date, and 

a four-level subjective rating a s  to the usefulness of the data ranging from poor to 

excellent. 

October 1966. 

were chosen for the development of a time history of the Gulf Stream meander 

movement. 

were run and analyzed for the period 1 through 31 October. 

could not be processed due to problems in the digital NMRT's.) 

Almost 2870 of the nighttime sightings occurred during the month of 

Because of this unusually high rate of observation, the October data 

Data f rom 12 passes (11 separate days) with a rating of fair or  better 

(Passes  1848 and 2128 

Figures 7-7 through 7-14 indicate the determined position of the north wall 

of the Gulf Stream for those days where a sufficient portion of it could be positively 

identified. 

is  reasonably certain. 

tion. 

consistency, and occasionally maintaining pattern consistency from pass to pass. 

When the cloud cover becomes sufficiently wide-spread so that extrapolation of the 

s t ream boundary is more o r  less  arbitrary,  no boundaries a r e  shown. 

geographic referencing was achieved by alligning the temperature patterns at the 

left of the analyses with the eastern coastline of the United States. 

A solid line is used to indicate the s t ream boundary when its location 

Dashed lines a r e  used to bridge a reas  of cloud contamina- 

These interpolations were made on the basis of maintaining internal pattern 

In all cases,  

The f i r s t  analysis (Fig. 7-7) is that of HRIR pass 1889 on 4 October 1966. 

Three meanders a r e  apparent beginning off the coast of Cape Hatteras. 

some evidence that the first two meanders may actually comprise only one meander 

with some cloud contamination occurring at its northern-most peak. ) 

the meanders is represented in dashed lines, since its exact position could not be 

determined f rom this analysis. 

of a large meander observed in the following analysis. 

(There is 

The third of 

The location indicated is based upon the position 
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Table 7-3  

Nighttime HRIR Gulf Stream Observations 

Date (1966) 

20 May 

26 May 

30 May 

1 June 

2 June 

3 June 

4 June 

6 June 

7 June 

15 June 

18 June 

19 June 

22 June 

28 June 

1 July 

4 July 

10 July 

17 July 

21 July 

22 July 

23 July 

1 August 

2 August 

18 August 

19 August 

28 August 

29 August 

30 August 

3 September 

4 September 

7 September 

8 September 

10 September 

11 September 

Rating 

Poor 

Poor 

Fa i r  

Poor 

Excellent 

Excellent 

Fair  

Good 
Fair  

Good 

Poor 

Fa i r  

Excellent 

Excellent 

Excellent 

Fa i r  

Poor 

Fair  

Poor 

Good 
Fa i r  

Good 

Good 

Fair 

Good 
Fai r  

Poor 

Good 

Fair 

Fa i r  

Good 

Poor 

Poor 

Poor 

Pass 

1583 

1596 

1609 

1622 

1675 

1676 

1742 

1756 

1795 

1836 

1848 

1849 

1889 

1929 

1942 

1955 

1995 

2008 

2009 

2021 

2022 

2035 

2048 

2062 

2115 

2128 

2208 

2222 

2235 

2248 

2315 

2355 

2381 

2448 

Date (1966) 

11 September 

12 September 

13 September 

1 4  September 

18 September 

18 September 

23 September 

24  September 

27 September 

30 September 

1 October 

1 October 

4 October 

7 October 

8 October 

9 October 

12 October 

13 October 

13 October 

1 4  October 

14 October 

15 October 

16 October 

17 October 

21 October 

22 October 

28  October 

29 October 

30 October 

3 1  October 

5 November 

8 November 

10 November 

15 November 

Rating 

Poor 

Good 

Fair  

Poor 

Good 

Good 

Poor 

Fair  

Fa i r  

Poor  

Excellent 

Poor 

Fair  

Good 

Excellent 

Good 

Excellent 

Good 

Good 

Poor 

Excellent 

Good 

Poor 

Poor 

Good 

Good 

Excellent 

Good 

Poor 

Poor 

Fair  

Poor 

Poor 

Good 
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75O w 
Figure 7-7 Position of the North Wall of the Gulf Stream (Pass  1889) 

75OW 70 65  60 . 
Figure 7-8 Position of the North Wall of the Gulf Stream (Pass  1942) 
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Figure 7-9 Position of the North W a l l  of the Gulf Stream (Pass 1955)  
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Figure 7-11 Position of the North W a l l  of the Gulf Stream (Pass 2022)  
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Pass  1942, occurring four days later on 8 October is shown next (Fig. 7-8). 

This time evidence of three major meanders can be clearly seen. 

these seems to be comprised of two smaller meanders, although cloud contamination 
may again be at  fault. The third meander extends far to the north and rnay represent 

the formation of a warm water eddy. 

meander in the last two analyses, a barely discernible meander movement of 4 n.mi. 

per day was inferred. 

in Figure 7-15. 

boundary, and the location of cloud contamination. 

2OK temperature intervals beginning with 297 to 298OK (and higher) at the warm (red) 

end. 

The first of 

F rom - the leading edges of the first major 

The Digital  Color Pr inter  analysis of pass 1942 may be seen 

The overlay shows the eastern coastline, a s  weii a s  the s t ream 

The individual colors represent 

In the analysis of pass 1955 (Fig. 7-9) on the following day, four separate 

meanders a r e  visible. 

of a warm water eddy. 
Again, the last  of these may actually represent the formation 

The linkage between the fourth apparent meander in the next analysis 

(Fig.  7-10) three days later and the r e s t  of the s t ream boundary is unclear due to 
the presence of cloud contamination. Meander movement between the 8th and the 
12th of October was too small  to measure accurately. 

analysis of this pass (1995) is presented in Figure 7-16. 

overlay formats remain the same. 

A Digital  Color Printer 

The color coding and 

In pass 2022 on 14 October (Fig.  7-11) only the f i r s t  three meanders a r e  

visible. Their position is relatively unchanged from the previous analysis. 

On the following day in pass 2035 (Fig. 7-12) there is again evidence of a 

well developed fourth meander. 

revealed a difference in speed between individual meanders with higher speed tend- 

ing to occur near the coast. 

moved with an apparent speed of almost 8 n.mi. per day during the seven interven- 

ing days, while the next meander toward the northeast moved at about half that 

rate. 

seems quite reasonable. 

Comparison of this pass with that of 8 October 

The meander located at 73OW and 37ON in Figure 7-8 

In view of the downstream size amplification of the meanders, this result 

The next usable pass occurred 13 days later (pass 2208). Figure 7-13 shows 

this analysis where only the last two meanders a r e  detectable. 

Figure 7-12 indicates a 4 to 5 n. mi. per day movement of both these meanders. 

Comparison with 

The final analysis (Fig. 7-14) reveals only a short portion of the Gulf Stream 

boundary as recorded on pass 2222 on 29  October. 

found between these individual meanders and those evident in the western portion of 

the 15 October analysis. 

No direct  correlation could be 
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The wavelength of the faster moving near-shore meanders ranged from 

60 to 100 n. mi., and averaged about 85 n. mi. .  

of 8 n. mi. per day, it is  clear that in order to maintain the integrity of the individual 

meanders when cornpositing multiple passes, no more than 4 or  5 days of data should 

be simultaneously processed. Referring back to Figure 7-4 ,  it can be seen that if 
a 7570 a rea  coverage is desired, there is  only a little better than 5070 chance that 

this coverage can be obtained in four passes. 
tions would of course, significantly improve the chances of success. 

Assuming a propagation velocity 

Relaxing the time o r  coverage restr ic-  

In summary, it has been demonstrated that time histories of synoptic scale 

sea surface temperature pattern changes can be developed from high resolution 

spacecraft data. 

guishing technique were available using a multi-spectral high resolution sensor. 
Gulf Stream meander movements of 4 to 8 n. mi. per day have been observed, with 

higher speeds occurring near the shore. Due to the higher speed and shorter wave- 

length of these near-shore meanders, shorter averaging periods must be employed 

in the data compositing programs. 

The task could be made far simpler if  an automated cloud distin- 
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Figure 7-15 Digital Color Pr inter  Output (Nimbus 11, Pass 1942) 
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Figure 7-16 Digital Color Printer Output (Nimbus TI, Pass  1995) 
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8 .  USE OF MANNED OBSERVATIONS IN 

SEA SURFACE TEMPERATURE DETERMINATION 

8.1 Objectives 

As has been shown, a desirable feature in the mapping of IR sea surface 
temperatures is  computer recognition and elimination of cloud contaminated data 

points. 

regions is as yet insufficient to properly define cloud contamination in all situations. 

The radiance contrast, in the visible and the IR, between an extensive thick cloud 

deck and a large clear  region is readily discernible in present satellite data. 

ever, this radiance contrast can provide no clear indication of the effects of thin 

cirroform clouds, or  particularly of situations involving scattered cumulus in which 

the sensor resolution element is only partially filled by clouds. 

presently available, the identification of these situations is not always possible. 

Present  knowledge of radiometric differences between clear and cloudy 

How- 

With the data 

The techniques of using simultaneous measurements in the visible and other 

spectral  regions to establish threshold values for cloud contamination can be optimized 

only if the characteristics of the transition between clear  and cloudy areas  a r e  better 

understood. 
phere does not exist in any wavelength region. 

useful sea surface coverage and the false a la rm rate can be optimized if the radiance 

characterist ics of clouds can be determined. 

A clear cut distinction in radiance between cloudy and clear atmos- 
However, the trade-off between 

In order to improve current knowledge of these radiance characteristics, 

interest must be selectively focused on special cloud cover situations. 

previously, these include thin cir roform clouds and scattered cumulus. 

phenomena a r e  essentially targets of opportunity, it would be desirable that meas- 

urements and observations be performed by means of a manned satellite. 

advantages of manned observation in the conduct of these measurements lies not 

only in his ability to select the proper targets for observation, but also in his ability 

to document the situation being observed. 

of the response of the sensors in relation to changing cloud cover situations would be 

invaluable in subsequent data reduction. 

As indicated 

Since these 

The 

With the proper training, his description 

While the primary objective of the proposed measurements is to obtain data 

to establish better cloud discrimination techniques, a second objective may be 

achieved through coordination between surface ship stations and the manned satellite. 
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This is the establishment of calibration functions between satellite values and the 

conventionally measured sea surface temperatures. The role of the astronaut in 
this phase of the measurement program is probably not a s  significant, although his 

description of the concurrent cloud cover over the ship station would still be useful. 

8 . 2  Measurement and Instrumentation Requirements 

The achievement of the experimental objectives a s  outlined above requires 

coordinated efforts by the manned spacecraft and by oceanographic ship stations 

providing the "ground truth" data to aid the interpretation of the satellite observa- 

tions. Specifically, the following types of measurements and observations a r e  

considered to be essential. 

Spacecraft Measurements: 

a.  Radiometric measurements in a visual wavelength region and in a clear 

atmospheric ''window" ; 

b. 

c. 

Color movies of the scene viewed by the radiometer; 

Voice record of the astronaut's description of the visual appearance of 

the clouds within the field of view of the sensors.  

Oceanographic Ship Station Mea sur  ement s : 

a. Radiometric sea surface temperature in the same wavelength interval 

as the satellite 'Iwindowt1 measurements; 

b. 

c .  

"Buckett1 sea surface temperature as  normally measured; 

Color photographic record of cloud cover by means of an all-sky camera. 

The instrumentation required to achieve these measurements certainly 

requires no new breakthroughs either in technology or  design. 

satellite measurements, the most significant aspect of the equipment design is in 

the optical coupling of the field of view of the radiometers with that of the camera 

and the sight through which the astronaut makes his observations at  the t imes of 

data acquisition. 

scanned by a simple manipulative action initiated by the astronaut. 

desirable feature in the data recording system is the ability to generate event markers  

at the initiation of the astronaut. 

ing the voice record of the astronaut's description to the changing field of view of the 

sensors.  Furthermore, past experiences with analyses of satellite measurements 

With respect to the 

Mechanically, the various sensors should be so linked as to be 
A highly 

This feature would provide time references relat- 
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indicate that a highly desirable feature in the radiometric design is a means by 

which the calibration of the sensor can be checked prior to, and subsequent to data 

acquisition. Systems for on-board calibration built into the sensors or  external 
to the sensors should not be too difficult to design in view of the presence of the 

astronaut to perform the necessary manipulative actions. 

The specification of color photography was dictated by experience in analysis 

of both color and black and white photographs obtained from space. 

graphs not only make use of brightness contrasts but also of spectral  contrasts so 

that depiction of different features in the field of view is  enhanced. This enhance- 

ment in the photographs obtained by the astronauts in Gemini and Mercury photo- 

graphy experiments is quite evident. 

Color photo- 

Shipboard equipment necessary to achieve ground truth observation a r e  

available a s  "off-the-shelf" items, and need not be elaborated. 

8 . 3  Visible Radiometer System 

In the design of the various satellite sensors to be used in the proposed 

experiments, considerable attention must be given to the response of the visible 
radiometer system. 

regarding threshold discrimination. With this in mind, the following simplified 

analysis is included as an illustration of the expected signal levels. 

It is this sensor which wil l  ultimately provide the information 

The actual (isotropic) energy flux density in the interval 0.5 - 0.75pm 

reflected f rom clouds and clear  a reas  may be derived from the measured effective 

radiant emittance values of Channel 5 of TJROS VI1 by the following equation (Fritz, 

1954). 

W =(  +) D W a t t s  - Meter-2 

where 

W = reflected f lux  density (assuming i 
-2 watts - meter 

otropic reflecta 

% = Channel V measured effective radiant emittance, 
-2 watts - meter 

D = Correction factor for  the instrument 

4 
- 

= Mean instrument response function weighted by the spectral  

flux of the sun, i. e.  

6 9  



where 

W = spectral solar flux density. x 
To get some idea of the difference between the reflected flux density from 

cloudy and clear  areas ,  the measured effective radiant emittance may be converted 

to albedos, again based on the assumption of isotropic reflectance, since (Wexler, 

1964) 

where 

A = albedo, (1 < A < 0) 

W = energy (watts - meter-2) received by Channel 5 reflected 
- -  - kk 

by a perfect diffused reflector illuminated by the sun at 

normal incidence. 

e = solar zenith angle. 

Therefore, in terms of the albedo, the expected reflected solar flux density would be 

The total power measured by a satellite photometer may then be computed 

(again assuming diffuse reflection) by the following equation: 

where 

5 = plane angle of view of photometer in radians 

R = distance from detector to reflecting surface 

d = radius of detector surface. 
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-2 The first t e r m  is the reflected intensity in watts - meter - steradian-'. 

t e r m  is  the a rea  of the reflecting surface intercepted by the photometer beam. 

third t e r m  is  the solid angle subtended by the detector surface. 

equation as: 

The second 

The 

Rewriting this 

-2 - 2  - -  P (A @ *  cos e) watts-radian - meter , 
d 2 c 2  - 16 

we can derive a se t  of parametric curves for the design of a photometer system. 

Figure 8-1 is  such a set  of parametric curves where P/d2g2 is plotted against A 

using 9 as the parameter. (meter' - radian ) a r e  the geometric 

characterist ics of the photometer. ) These curves a r e  derived based on the values 

of and I) for Channel 5 of TIROS VII. Vertical dashed lines have been drawn 

in the figure to represent possible threshold values for these measurements. 

2 2  2 (The products d 5 

8.4 Astronaut Training 

Since the role of the astronaut is primarily that of a qualified observer, his 

training should be an integral part  of the experimental planning. 

the training should be directed towards sharpening his observation and reporting 

capabilities. To this end, the use of visual simulation techniques is advised. Color 

photography of different types of cloud cover situations from the Mercury, Gemini 

and manned Apollo programs exists in sufficient quantity for such a purpose and 

should be employed. 

The objective of 
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9. SUMMARY AND CONCLUSIONS 

A detailed knowledge of the sea surface temperature patterns and their vari-  

ation in time would be of significant benefit to the commercial fisheries, to the mili- 

tary for  use in Anti-Submarine Warfare, and to meteorologists for use in long-range 

weather prediction. 

and time) by shipboard measurements alone would be a practical impossibility. 
Before optimal use can be made of satellite data, however, techniques must be de- 

veloped for  the automatic elimination of cloud contamination, and for rapid process- 
ing of the temperature pattern information. 

To obtain the required density of observations (both in  space 

Using Nimbus I1 data, a two phase study was conducted. The low resolution, 

multi-spectral MRIR data were used in the development of data processing techniques, 

while the high resolution, single spectral region HRIR data were used in  the actual 

measurement of sea surface temperature patteros and their synoptic changes. 

Modifications were made to the original Nimbus Mercator Map Programs to 

accomplish the following: 

a)  Extract and map HRIR data points where the recorded temperature is 
greater than o r  equal to some preset threshold value. Because the HRIR sensor 

was a single channel radiometer, this is the only means of internally eliminating 

cloud contaminated data. 

b) Extract and map MFUR temperature data using the Channel 5 albedo values 
as clear-cloudy discriminators. This cloud discrimination technique is applicable 

only to daytime passes.  

c)  Extract and map MFUR temperature data using 

absorption temperatures as clear  -cloudy discriminators. 

marily used for  nighttime cases,  but may also be used in 

time albedo disc riminator. 

the Channel 1 water vapor 

This technique i s  pr i -  

conjunction with the day- 

0 d) Convert temperature values in K to single digit alphanumeric codes for 

off-line printing and card punching. 

produce color coded analyses using Allied's Digital Color Printer.  

The punched cards may subsequently be used to 

e)  Permit  the composite mapping of multiple passes for  time averaging, o r  
for  cases of recurrent partial cloudiness. 

It was found that for  the optimal detection of cloud contaminated data in  day- 

time passes,  a combination of a visible and a water vapor channel threshold should 

be used. While  there are no unique threshold values in  any spectral region, a 1570 
albedo, and a 237OK water vapor temperature cut-off were established through the 
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application of failure rate versus fa lse-alarm rate considerations. 
Channel 1 temperature cut-off is also applicable to the problem of nighttime cloud 

discrimination. With the HRIR data, only the temperature values themselves a r e  

available to automatically discriminate cloudiness. 

is suggested, although the failure rate may be uncomfortably high due to the inability 

to detect certain cloud forms such a s  high thin c i r rus  or  low warm fog and stratus. 

The 237OK 

A 280°K temperature threshold 

In the planning of remote measurement experiments in oceanography, as well 

a s  in other fields, some consideration must be given to the problem of intervening 

cloud cover. Depending upon climatological conditions and upon the time variation 

of the phenomena to be observed, certain proposed experiments may have a very 

low probability of success, o r  even be totally infeasible. As an example of the ap- 

plication of these considerations, Monte Carlo pass simulation programs were run 

for  the Gulf Stream region, drawing upon information f rom a world-wide cloud data 

bank. Graphs of a rea  coverage versus the probability of that coverage were gener- 

ated a s  a function of the number of passes at established time intervals. Among other 

things, these graphs reveal that it may be unrealistic to hold out for  very high cloud- 

f ree  coverage. 

verified the computer derived statistical predictions. 

An analysis of the data f rom a sequence of MRIR passes essentially 

A time history of the Gulf Stream meander movement for  the month of Octo- 

ber 1966 was developed using the nighttime HRIR data. 

meander speeds were in agreement with those values found in  ear l ier  conventional 

surface ship observations. 

s t ream at a rate of about 8 n. mi per  day. 

east  propagated more slowly at rates of 4 to 5 n.mi per  day. 

On the whole, the determined 

Near-shore meanders were found to propagate down- 

The larger  meanders toward the north- 

Present  knowledge of radiometric differences between clear and cloudy re- 

gions is  a s  yet insufficient to properly define all cloud contamination situations. 

Areas of small scattered cloudiness o r  c i r rus  clouds may still present considerable 

difficulty. In order  to improve current knowledge of these radiance characteristics, 

interest  must be selectively focused on special cloud cover situations. 

tages of manned observations lie in man's ability to select the proper target for  

observation, and to document the situation being observed. 

ments needed were outlined, and possible equipment configurations were discussed. 

The advan- 

The types of measure- 

Until it is possible to accurately account for the effects of atmospheric 

attenuation in the satellite data it will be necessary to utilize the temperature gra-  
dient information only. It is  recommended that ways be sought to meld cloud-free 

satellite derived temperature gradients with conventional surface ship reports to 
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produce daily SST maps. 

by the Fleet Numerical Weather Facility in  California. 

account for  the spatial variation of atmospheric attenuation before meaningful analyses 

can be developed. 

atmospheric mass structure, o r  some on-board radiometer designed to infer the ver-  

tical humidity structure. 

Such an operational procedure should probably be conducted 

Ways must also be sought to 

Possible data sources include FNWF's 12 hourly analysis of the 

It is  now felt that the operational use of satellite measured sea surface temper- 

ature data is within reach. 

cloud contamination in day and nighttime data have been investigated and resolved. 

Techniques for  melding gradient data with absolute values already exist. The effects 
of atmospheric attenuation on the temperature measurements a re  understood. A r e -  

liable humidity data source is  still lacking, but new sensors and techniques a r e  cur- 

rently being developed. 
and to t race their development has been demonstrated. 

directed toward the realization of an operational satellite/ship sea surface temper- 

ature measurement system. 

Most of the problems associated with the detection of 

The ability to measure sea surface temperature patterns 
Future efforts should be 
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APPENDIX A 

A- 1 HRIR Main Program and Subroutines 
L33109 -- L ~ I F I E D  ~ I Y P ( J C  r w r P  M ~ Q C A T O R  M A F  P R O G R A M  -- 

COMMON L O C P T  
D I ME hlr I O N  LC)Cp T ( 2 1 C ) 

C A L L  M I P E  
49 CONT I N U E  

45 P E A D  I N P U T  T A P r  2 . 2 7 E . J T A P F , J C A P D S  
2 7 5  F O G M A T (  15 .  1 2 )  

IF ( J T A P E )  
1 0 2 1  P R I N T  . 5 7 3 r J T A F F I  

1 C 2 C . ? 5 1  r l  C 2 1  

5 7 3  F O R Y A T ( 1 H l .  1 2 H L 3 3 P D  A Y  T A F C * I 5 . 3 3 H  C h  i=C h h D  F K f S S  S T A R T / / / / / / / /  j 
P P U S E  
CALL H F  IL 
C A L L  R H K C 1  
T E S T = O  . 
I F I P R = l  

C T R E C  = 0 
k?T I h T S = 3 .  

DO €30 KK = 1 tJCADCS 

R E A D  I N P U T  T A F F  2 + 2 C 2  ~ C D P Y + C H O I . I G . C N I  N r C n F L T  9CNADR .CPASS WCChl  .CATN 
1 * C A T S  9 SE Si4 9 D N3P9 P A P  I T Y  kR O A  T I F  I TG(3 9 Y b f ‘ s  CIJ T 3  FW r CUTO F C  . I N K  

202 FOGM P T  t F3 o ?  . 2F2. C F 4  e 0  r F  2 .C t F 4 .C 9 3F 3 r F 5  0 3 e F3 9 9 1 X e 2F I 9. I 2  1 1  . 12 
1 9 6 x 9  2 F 2 . 0 ~ 1  A 1  1 
IF( C D E L T  1.25 1 . 2 5  1 9 2 E t  

COE G =2 4.O*CD A Y * 6 ?. C t CH C L R  * 6 @  .O +C M I N 

C E N D = C B E G + C D E L  7 
I V C T = I  F I T G O -  I FI FF 
IF IPR= I F  I T G O  

r ‘ E  2 C D E L 2 = C D E L T  

C A L L  M C V f  I L ( T E 5 T . I L C T )  
C A L L  
C A L L  

I N I T (  C N A C K s C C h l  .CATh.CPTS r S F S H . D h 6 R . C L T C F C  .CUTOFb.VAPs I N K )  
R C O C  ( T D A Y P  9 T H F P  s Tru( I Y A  r T C A Y F  .THGE,TWINF v X H C R I  F R E Q  *BLCCK.SUEFCI 

l A h P T  1 
TBE G=24 . B * J D A Y  A * 6  0. C t T P G  A*BO .O + T M I  \ 4. 

T E NO =2 4 . 0 * TC) 4 Y R * E 0. C + T I-0 P * E  C . C+ T Y I h F 
K C A Y A  = T C A Y P  
KHHA = THRA 
K M I Y P  = T M I N A  
K O A Y R  = ? D A Y 6  
K H R B = T  W E 3  
K M l N R  = T H I N B  
K C C A Y  = CCAY 
K C H O b R  = CHCIUR 
K C M I N  = C M I N  
KCOE L = C D E  L T  
I F ( C E E G - T E N D ) 1 0 r  12.12 

1 C IF  (CBEG-THEG) 14 139 13 
13 
14  I F ( C E N D - T E N D )  1 f . l R . 1 7  
18 I F (  CEND-TBEG ) 1 9 + 1 9 r  20 
12 k R l T E  C U T P U T  T A P E  3 9 2 0 3  

I F (  CENO-TEND 1 20 1 9 20 1 9  1 C 

293 F C R M A T ( 7 8 H O  IVAP T I Y E  I K T E R V A C  RCQLFSTED R F G I N S  L A T E R  Tt-AN FINAL 
I T X Y E  O F  T H I S  F M R T - - Y P I R /  19k rUO M P F  P R O C U C F D )  
hh = 5 

GO TO 199- _ _  
I F  WRITE O U T P U T  T A P €  3.204 

2Q4 F O R M A T (  8 Q H O  M A P  T I Y E  I N T E R V A L  - R E Q U F S T F D  - _  - T E R M I N A T E S  REFORE _ -  I N l T I  

00090 
0 0  100 

001 7r) 

0 0 1  19 
00120 
0 6 1 3 3  
0 0  140 

001 60 

oc21 c 
0 0 2 2 0  
00233 

n n 2 5 c  
00260 
oc2 7 0  

rt-245 

(20290 
0 0 3 C O  
003 13 
oc-320 , 
0 0  313 
0034 0 
00 350 
003 EO 
00 370 
0 0 T e ’ I  
0 0  390 

0 0 4  10 
0042 c! 
00410 
00440 
00450  
Q C 4 6 O  
0 0 4 7 C  

004 o a  

00496 
0 0 5 0 0  
00510 
00520 

00570 

8 1  



LCQ169 -- C h I F X E - 0  h Y M B U 5  H R I R  M F R C P T O R  M A F  PROGRAM -- 
I A L  T I M E  OF T h I S  F M F T - M f i I R /  1 S P  mc N P P  PRODUCED) 

hh= 1 
co TO 199 

¶ E  W R I T E  C U T P U T  T A P E  3.6 
6 F O R M P T (  7 7 H O  M A P  TfWE I N T E R V A L  P E Q U F S T E O  T E R M I N A T E S  A F T E R  F I N A L  

l T I M E  O F  T H I S  F M R l - M R I R /  5 8 P  Y A P  FOG THE P A F T  OF T I N E  I N T E R V A L  C 
ZCIVERED WAS PfiCCUCE-I3 1 
hh=4 
GO T C  199 

17 WWXTE O U T P U T  T P P F  397 
7 F O R M A T (  90HO M A P  f I M E  I N T F R V A L  P E O l J F C T C O  REGINS REFOR€ AND E N D S  

1 4 F T E G  T I M E  P E R I O D  CF T H I S  F W P T - U R I R /  E_*H HAP FOQ P P R T  OF TIME r 
2 N T E R V A L  C O V E R E C  WA5 P F O C U C E C )  
R N = 3  
GO T O  199 

2 C  W R I T E  C U T P U T  T A P E  3.8 
8 F O G M A T (  8 2 H O  M A P  TIWE I N T F R V A L  R F Q U F S T E D  Y E G I F J S  E A Q L I E R  T H A N  I N 1  

l T X A L  T I M E  O F  T t - I S  F W R T - - U R I F /  54H M P F  F O F  F A F T  O F  T I V F  I N T E R V A L  
ZCOVEREO WAS F F C D L C F D  1 
mh= 2 
GO T O  19s 

i C 1  NN=6 
199 W R I T E  O U T P U T  T A P F  3 ~ Q . K D A Y P ~ K ~ R A I K M  I N P I K ~ P Y R I K H R P I K M I N B ~ K ~ D ~ Y  9 

I K C H O U R I K C M I N  r K C C E L  r C F  PSS 
S F O R M A T (  3260 T I M E  I N T F R V A L  OF F M f i T - W P I A  I 4 r S H C A Y S  I 2 r 4 H H R S  12.1 
l?HMIh T O  I4 9 S H D A V S  129 4 H H R S  I i r  1 H V I h /  2 2 H C  T I M E  I N T F R V A L  R 
2 F Q U E S T  E 0 1 4 r C ; H C P V C  I2r4ttGS I291 E H V T N  FLUS 
2 P A S S r F 5 . 0 )  

149 3 H M I  hr OH 

200 
C 
C 
C 
c 
C 

225 
t o 5  

2 E C  

300 
Z C  1 
20 2 

3 03 

e20  

i 030 

4 4 4  

GO T O  ( ~ ~ ~ ~ ~ O ~ ~ ~ ~ C I ~ O C I B ~ O I ~ C C ) . N N  
C A L L  R R K D ( T E S T I R C P Y I R ~ R . R N I N )  

T E S T = O  IS NORlvAL FETUFk P F T E R  S U C C F S S F U L L Y  R E A D I N G  A 
D A T A  R E C C R C  F R O M  F M R T - M R I c  
TEST IS N E G A T I V E  WHEh TAPE F R R O R  D E T E C T E D  
T E S T  IC F O S I T X W E  wrw EOF DETECTED 

I F t T E S T )  225 9 2 E C  1 C 2 0  

P R I N T  235 - 
FORMA? 13H T A P F  € R Q  CQ 1 
I F ( P A R 1 T Y  1 2 C 0 e 2 5 0 r 2 C O  

E=24 C* R D  A Y *E 0 e C + G H R  * 6 C  e C +R W I iX 

BE G-R T I M  E ) 3 C 0 e 3  C C 9200 
IF( C T R E C  129 I r  20  1. 202 

__ - - 

R T I N T = R T  I ME-RT I MFS 
C D E L T = C D E L T - R T  I N T  . . ._ _ _  

- 

R T  I NTS =R T I N f  S+RT I h T  

IF( C D E L  T 1 6 2  0 9 3 03 9 3 C  3 - _"___I_ 

C A L L  I N T E R P  (XMRRIFREQIRLOCK~ SWRECI i l N P T I L O C P T . W P D A T )  
. -  

C T R E C = C T R E C + I  e 

GO T C  ,200 
C O N T I N U E  
IF  ( M A P  C t Q y - C 3 0  9 1 0 3 C  . __ __ - 

RlTE O U T P U T  T A P E  E r 4 4 4 r C P A S S  
~ _ _  

F O R M A T  (7H BEG! h 9 F f r  0) 

. 

005e0 
00590 
00600 

00650 
00666 
00670 
60683 
00690 

00730 
00740 
0 0 7 5 0  
00761) 
00 779 

0081 0 
00829 
00830 
O C 5 4 r 3  
00950 
00990 

c c 9 c 0  
009 19 

0094 0 
00950 
00960 
00970 
c0qq0 

C C 9 9 0  

d l  01 0 
01 020 
01 0.30 
0 1040 
0 10 50 
01060 
01070 
01 080 
0 1090 
GI 1 0 0  

01133 
01140  
01 150 



L O 0 1 6 9  -- U N I F X E C  NIMPUC H P I R  MEFCPTOR MAF PROGPAM -- 
C A L L  OUTPUT 
C R I T E  (JUTPUT TPPF @ r 4 4 " C P P S S  
WQITE CLTPUT TAPE ' r 4 4 E r C P A C c  

4 4 5  FORMAT( 5H EhC r F 5 . C  1 
C A L L  WIPF 

c i ? C  C C h T I N U E  
QEvlINC 19  
G C  T C  45  

1 0 7 0  CChrTINUE 

G 3  T C  43  

C A L L  E X I T  

I C C C  C A L L  OUTPCIT 

2 5 1  PAUSE 77777 

E ~ D ( O i 1 r C r l v O r C ~ r l r l r ~ ~  1 * 3 r C i O r r v ? )  

SUdRCUTI  NE HEAD 
W R I T E  OUTFUT TAFE 7 r l  I: 

1 C  F C R M A T (  l H 1 . 5 E Y 4 q t L A 7  I T U C E  O F  LONGITUDE C)F HF IF;/ 2 7 X  7EHSP 
I Q T  NUVEER b A O I F  4 C G L F  VXEkED P t I h T  V I F k F C  P O I N T  C A T  
2A VALUE)  

RET b?N 
F N D  ( '3 r 1 9 0 9 1 r 0 9 3 9 1 r 1 r 0 v 1 9 0 r 0 9 C r C r ,? ) 

r) 1200 
4 12 10 

SUBROUTINE W R I T E (  S P C T ~ ~ X ~ A C P I X L P T ~ ~ ~ L O ~ J ~ , ~ A T A )  
I SPTK= SPO TK 
WRITE OUTPUT T A P E  391 ~ I S P T C ~ ~ N A C A I  X L A T t r Y L O N X r  DATA 

RETURN 
1 F O R M A T (  2 1 X  13 r 1 1 Y F 7 .  S & X F ? I . ?  r S ) r F 7  -3 v 9 X F 7 . 3 )  

EhD(C*l.O.l . G . C r 1 . 1 r ~ * 1 . 0 . C 1 0 . 0 * 3 )  

83 



F h T R Y  R O C C  
EN?PY C K J F  
E h T R Y  S V S K P  

F N T G Y  F R F G  
F A T G Y  c t = r L  

F X FLO 
F L C F X  

f i C O C  T F P  
A XT 
AX 7 
A > T  
T GA 
S X P  
S $ A  
s > A  
A X  7 

F;occi  ~ T R R  
PcHe 
C L A  
S TA 
C L  P 
S 7 A  
C L A  
S T  P 
C L  P 
S T P  
C L  4 
S T P  
C L A  
S T A  
C L  P 
S f A  
C L A  
S T P  
C L A  
S T A  
CL P 

C L A  
S T P  
TCO E? 
T E F R  
T F C  @ 
C L A  
C P L L  
P Z E  
H T R  
S T C *  
CL P 
C A L L  
PZ E 
SlC* 
CCP 

S ? P  . 

* + c  
c r 4  
P +? 
c * 1  
1 2 . 4  
+-4 r 4  

*-4 9 2 
s-4.1 
IC. 2 
5: 

GFTnC 
1 9 4  
T C A Y A  
2 r 4  
T t - K A  
3.4 
T N I  N A  

4 r 4  
T D A Y R  
5 9 4  

T t - F P  
6 9 4  

T k I h B  
7 9 4  

U G P  
e.4 
F L E D  
9 ,4  
P L C C K  
1 C  r 4  
CWFEC 
1 1 9 4  
A h F T  * 
D C b E  
T F Y  
TOC)C+2 
F P F L C  
35 * 
T D A Y A  
T C O C + 3  
F XFL C 
-re *.. 
TI-FA 
T D C C + 4  

.. . 

. . .. 
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c PCL 
P ZE 
H T R  
S T O  * 
C L P  
c PI-c 
P Z F  
H T  F 
STD * 
CL b 
c PLL 
P ZF 
HT F; 
S T O *  
C L  A 
c PLL 
P 2E 
H T  F 
S T O  * 
CL P 
c ELL 
P iF 
H T F  
s1n * 
C L P  
c P L L  
P ZE 
H T F  
S T 0  * 
CLA 
S l O *  
C LA 
S T C *  
C L A  
S T C S  
T F P  

F I X 1  OEC 
TDAYA PZE 
T k - F b  P Z E  
T W I h A  P Z E  
TDAYS P 2 F  
T I -F@ PZE 
T Y I h R  P Z E  
FRR P Z F  

B L C C K  P 2 F  
SWRFC PZE 
A N F T  PZF 
L C C P T  P2E 
TGY BSFt3 

T I X  
H TR 

GFTDC TCFP 
I O C P  

O C h E  H T R  
S K I F  S X b  

F q F c  P Z E  

F X F L C  
3 5  * 
TM TNb 
T D C C + €  
F X  FLf) 
35 
* 
T C P Y P  
T D C C + 7  
F X  FLO 
3 5  
* 
TI-RE! 
TC)CC+P 
F X F L ( 1  
35 * 
TM I Y A  
TT?CC.+ I?  
F X  FLO 
? 5  
* 
V G Q  

TDCCiI 1 
F X  F L O  
.3 5 
* 
F G F Q  
T D C C + 1 4  
PL 0 CK 
Tr)r?C+ 1 E, 

S * F F C  
f C O C + l 6  
A b P T  
FiCCC+I 
1 e 2 5  

C 
c 
c. 
c 
c 
C 
9 
RCOCls2r 1 * 
TOCC 9 0  9 - 1  
GIC.C * 
S V S K P . 4  

85 



C L P *  
C P L L  
P7 E 
H TR 
P P X  
T F  P 
R T @ @  
RCtE!  

S T C C B  
T 1 3  

C U C K F  A X T  
T F A  

C K I F F ;  IC! f iTb 
F F I L  S X A  

R T E E  
R C t P  
TCCR 
TEF P 

TFA 
A Y T  
T F  P 

COMB I @ R T N  
TDCC BSS 

Eh C 

1 9 4  
F L C F U  
35 
rp 

0 $ 2  
*+ 4 
9 
SK IPG * 
* - _ 7 * 3 , 1  
c 1 4  
21 4 
T D C C  rO 9 - 1  
*+b, 4 
9 

C O M e  
* 
*t2 
F . F I L + l  
C I  4 
1 r 4  
T C C C I  C . - 1  
5 c  
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FN TRY W I P F  
E h T R Y  I h 1  7 
F h T R Y  I N T E F P  
E h T R Y  O U T F L T  
E b T R Y  I R t C  

F G G I O  
CCT 
L I R P N  
F X F L C  
k E P C  
CChrPA 
T I h l  
WR ITE 

I N I T  T R A  
A X  T 

A XT 
A XT 

s PA 
S X P  
SX A 
CCP* 
s 7 0  
C L A *  
s7c 
s 7 0  
C LA* 
s 70 
S T C  

S TO 
S T C  
CL P* 

S T C  
CLA* 
FCE 
STO 
C L P S  

C L  P* 

T F P  , 

CLP* _ _  

S T O  ._ 

SIC _ _  

* +5 
c14 
O *  2 
0 r l  

1 1 . 4  
*-4.4 
* - 4 r 2  
* -4 .1  
1 r 4  
N P C R  
2 r  4 
C C h  I 
CON 
3. 4 
CPTN 
C A T h h  
4.4 
C P T C  
C A T  
5 r 4  
C 
D C  
6 94 
=l. 
E 
7 9 4  

CLTCFC . 

8 . 4  

PLACE R E A D - I N  DATA I N  L O C S  FOR T H I S  SUR 

87 
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AXT 0 1 1  
T F P  1 9 4  
S >A * - 4 . 4  
S X P  + - 4 * r c  

SXA *-4*1 
C L A  = 1 R 1 7  
SIC N C A T F  
C A L L  
T F A  k I P F + I  

SST 9 7 1  o Y J r E  * D A T A  r GQ In I e N G A T F  

* S U F Q O U T I N E  TO I V T E R F c F T  D A T A  C A L L S  F C R  MFRCATOR I r  J P C I N T S  
I h T F R P  T D P  

AXT 
AX 7 
4 )cT 
T F A  
S X P  
S Y P  
SXA 
c c p  
S7f 
C L A *  
S 1 P  
S T A  
ACT: 
S TA 
C L A *  
s7n 
C L A 4  
STC! 
C L P *  
S T C  
C L  P* 
S T C  
C L P *  
S 7 0  
A I S  
571: 
S T D  
s TC 

S T C  
C L A  
su E 
S 7 A  
S TA 
S T P  * 
S T P  
AC C 
S T P  
S LR 
s T P  
S I P  
C L  b 
S CR 
S T P  
s1 P 
S T A  * 
A C E  
S T P  

*+5 
0.4 
c 9: 
o *  1 
A r 4  
9-4 94 
* -4 r.? 

*--4.1 
=2Pl7 
NC-PTF 
S L I L P h  
C C C  
1 cc1 
= 7  
F C A T A  
1 *4 
V!?AT= 
2,4 
F F E Q  
3.4 
P L  CCK 

S MQFC 
5 14 
PNDT 
l e  
I C 2  
I F 4  
I h E  
I N 8  
e *  4 
=1 cc  E 3 5  
I N 3  
I F 7  
L C K A T F .  

4 04 

L C C T R L  
=2 E 3 5  
L G N  TPX 
= 1 A 3 5  
L C N T P F  
L D N T S T  
0 r 4  
= t C O B 2 5  
I h l  
I N 5  
t PTA TR 

= 1 E35 
L, P T T  A B  

P I C K - L P  L O C  WHFRE 1 S T  WORD OF RFC IS S T O P E D  

P U T  L O C  f l F  1ST W O P D e I S T  S W A T H  I N  L C C  R D A T A  
W H I C H  TS T A C G F D  W I T H  X R l  

P U T  I h F U T S  TO SUR I N  P G O P F R  L O C S  

S T O R E  h C .  OF A N C H  P O I N T S  IN C A L L  SEQS BELOW 

DET. 1 S l  L O C  O F  ANCHOR LONG.  T A E L E  A N D  
S T O R E  I N  C A L L  SFQS BELCW 

S F T  L C C  CF 1ST ANCHOR N A D I R  A N G L E  I N  LONG. 
T A e L E  

2-27-67 R A S  

S A V E  I S T - A N C k O R  LONG.  L O C  
DET. 1ST L O C  C F  ANCHOR L A T O  T A B L E  A N D  

S T O R E  I N  CALL  SEQS BELOW 

SET LOC OF 1 S T  ANCHOR N A D I R  ANGLE I N  LAT, 
TABLE . 
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- 
S t L  
C L A *  
S T O  
AX 1 
C L A  
P PX 

R D C C 2  C L A *  
C P L L  
P Z  E 
H T R  
S T O *  
STO * 
C L A  
A t  C 
s 1 0  
C L A  
ACC 
s TO 
T % I  
T I X  
C L A  
A C C  
Slt 
A $T  

E E G I N  CLA 
T 2f 
C A L L  

N H D R  C L P  
P A X  
Ct A*  
ANA 
T ZE 
s 10 
C P L L  
P Z E  

H i  F 
F A C  

L P T S T  
7. 4 
W F O A T  
C . 1  
A b P T  
0 r 2  
R C P T A  
F X F L C  
29 * 
L C h A T R  
L A T A T R  
L C b A T P  
= 2 E 3 5  
L O N A T E )  
C A T A T P  
=2 E 3 5  
L A T A T R  
* + I  r l  * - I  
R C O C 2 r  2.1 
F D A T A  
Clh!=T 
R C P T P  
0.1 
WECAT 
Nl-CR 
HEAD 
A N F T  
0.2 
RD AT A 
M P C K E  
I hTFPP + I  
PO F: 
F XFLO 
35 
* 
= l . C  

- 

S A V E  1 S T  bNCHCR L A f e  L O C  

Z E R O  X R 1  
PUT NO. OF ANCHOR P O I N T S  I N  X R 2  

B E G I N  L O O P  TO PUT ANCHOR N A D I R  ANGLES I N  
ANCHOR L A T  A N 0  L O N G  T A B L E S  U S I N G  X R 2  

L O O P  E A C K - U N T I L  A L L  N A D I R  A N G L E S  A R E  USE0 

B E G I N  L C C P  T O  U h P A C K  N E X T  SWATH 
P U T  NO. OF ANCHOR P O I N T S  I N  X R 2  

R E T U R N  TO M A I N  PROC IF L A S T  F I L L E O  S W A T H  O F  
C A S T  FEC IS R E A C H E D  

S T @  . S h l  
TX I * + l . l r - 3  S K I P  TWC SWATH WORDS 

A K A  , M P Z K A  
C A L L  -F X F L C  . .  - 

PZ E 1 1  
H 7 R  * 
S T C *  L P T T A B  
C L A  L P T T A 8  
ADD =2835 
STO - L A T T A B  _ _  - _ _  
C L P *  R C P T P  

A h  A WAS K 8  . .  
c PLL F X F L O  
P ZE 2 9  
H T  k * 
STO* . _ _  L O N T A B  - 
C L  A L C h T A B  

l v K T A 6  C L A *  RD AT A B E G I N  LOOP TO F O R M  .ANCH L A T  A N 0  L O N G  TABLE 

__-I_._ - - .. 

- - __ - - .- - . . _  - 

- - __ I _. . . -. . - - - .. . 

A C  O = 2 E 3 ?  
STO LONTAB 

- r . .. . .. . 



0 CT 
A X 7  
C L A  
S T P  

C C A T  A B 7  
GOPHER T l r X  

TX I 
6hL C L A  * 

F E E *  
L P  s 
T F A  
T F  P 
T P A  

FOUND T l v l  
C L A *  
F PD 
s10 * 
T G A  

I - C G C F  SCC 
L Y  A 
TX I 
S % A  

P F E  C L  b* 
F A C  
S TO* 
T X  I 
T I Y  

I M F P L A  A X T  
T P P  

W K 7  G CT 
LXP 
S T  Z 
C L  P 
P P X .  

I h T R  C L A  
F P C  
S T C  
c P L t  
C L A  
SCP 
C P E  
T E A  
T F P  
TR A 

A h P  
T P I  
c ILL 
P 2E 
P X D  
T Z F  
C A S  
T F A  
T R A  
Tk P 
STC 
C L A  

I h C l  C L A *  

C 7 F O C C 9 0 9 6 1 €  
1 9 1  
A h P T  
6 C  P T  
**,? 
V K 7  9 7  9 1 
* + I  * I  r - 2  
L C b T O L  
L C N T E X  
= 1 E O .  
H CUND 
HOUN C 
G CPHFQ 
t + C K S E  
L C N 7 P Y  
= 3 e r .  
LEN TE'X 

G FL 
* + 2  r? 

G C A T  SF. 
* + I  .5.** 
I C P A L P . 1  
L O N T E L  
=360. 
L ChTPL 
*+ 1.1 r 2  
A F E s S r l  
** r l  

G N L  
-0760000000 16 
Z F V E  r 1 

S P O  TK 
P C P  
e . ?  
S P D T K  
=1 .0  
S P C T K  

2-13-67 R A S  
2-13-67 GAS 
2-13-67 R A S  
2-13-67 R A S  
2-13-67 G A S  
2 - 1 3 - 6 7  R A S  
2-13-67 R A S  
2-13-67 R A S  
2-13-67 R A S  
2-13-67 R A S  
2-13-67 R A S  
2 - 1 3 - C 7  F A S  
2-13-67 R A S  
2-13-67 R A S  
2-13-67 GAS 
2-13-67 R A S  
2- 13-67 GAS 
2 - 1 2 - € 7  R A S  
2-12-67 R A S  
2-13-67 R A S  
2-13-67 R A S  
2 - l t - C 7  R A S  
2-13-67 R A S  
2-13-67 R A S  
2-13-67 R A S  
2-13-67 R A S  
2 - 1 t - c 7  R A S  
2 - 1 3 - € 7  R A S  
2-13-e7 R A S  
2-13-67 R A S  
2-13-€7 GAS 

I N I T I 4 L I Z E  S W P T k  P O I N T  
P U T  D A T A  P O P U L A T I O N  FOR SWATH I N  X R 2  

R E G I N  L O O P  TO ACCUM. PHYS D A T A  ACC. SWATH 
P O I N T  GEOG L O C A T I  ON 

SELECT NFXT S W A T H  P O I N T  
C C U P P * M G A T E  * F P E O * S P C T K * S N l .  N A D A  C A L C  S W A T H  POINT N A D I R  
h P D A  

N P C Q  
JL P A  
I h C  1 
I N 0 1  
P D A T A  - .  

= 0 7 7 7 7 7 7 @ 0 0 0 C C  11-16-67 R0A.S.  
J L W A  
F X F L O  
1 4  
.O 

J U V A  
C L T C F C  
* + 5  11-16-07 R m A m S r  
* + 2  11-1 6 - € 7  R. A. So 
J U M P  _ _ _  _ _  
D A T A  
NPOA - - - __ - -. _ .  - - -  
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I 

C P L L  T I N  1 CPLC.  L A T .  OF SWATH P C I N T  
11\11 P2E **  
I N 2  P Z E  3.c).+* 

Fee =90.0 SUBTRACT 9 O - D E G  FROM L A T .  
S T O  L A T X  

C A L L  T I h l  CALC. LONG. O F  I W A T I .  P O f N T  
C L P -  I N P C P  

I N 3  P Z E  ** 
I h 4  P 2 E  1 .  C. $4 

C A S  =36O. C CORRECT LONG. I F  OVER 360 OEG 
TR P I N 4 A  

TF; P Ih48 

T F A  I h 4 + 1  

TPL *+3 

s 10 L O N X  
C L A  WROA T 
T ZE JtJH 1 

._ 
T R A  - I h 4 B  

= 7 e c . c  -~ - I N 4 A  F Z B  

I N 4 E  STfl  L O N X  

f=bD - - K l t i O  

_ _  

c P L L  WF I T E I S P O T K . N A D A + L P T X  .L-CNX_rDATA 

S 7 0  C P 1 N  
C L A  OD 
S T O  0 
C A L L  
C L A  2 F R O  

" __I- 
J U M l  CLP C A T N h  

M G R I C 9 CON 1 9 L O N X  9 C-PTN 9 CJTSj L A 1  X p D  9 E * X I  9 Y J 9 ZE R 0 

T h Z  J k R A  - -  
C P L L  S S T  X I Y J .E 9 O A T  As G R I  0 I &GATE 

J U M P  - . T I X  __ ? + 2 r 2 9 l  +-". 

T R A  I h 4  T R A N S F E R  O U T  O F  L O O P  I F  A L L  SWATH PTS. DONE 
C L A  - SFCT-K - S E L E C T  I\E_XT-SWATH P O I N T  A N D  ACCUMe AS A B O V E  
F A D  = I  . 
s'70 _ _  - S FO TK 
c P L L  C O M P A r Y R A T E q F R E Q .  S P O T K e S N l  q N A D A  
C L  P N PCA 
s s p  - _._ __. 
CPS NPDR 
T F P  JUMP _ _ _  - 
TRA I N O 2  
T F P  I h C 2  . _ _  - 

ALS I .---I 

PZE 1 4  i i-I ~ - k 7  R, A. S. 

- - - - 

IN02 C L 6 *  R C P T P  
l e  1 1 - l E - E 7 _ R e e  A, S o  

TM I JU'HB 

- _ _  C A L L -  - -. F Z F L O  - _. - - - . 

- . P X C .  -.a. - __ ._. 

~- _. CPS - _ _ _  C S T O F C  .-- . 
T 2E J UMB 

TF; P *+ 3 1 1 - l e i 6 7  R.A.S. 

T G A  JUME 
11-19-61 .- - R s A * S ,  - - -  T R A  -.-*-+*- __ ._ - _ -  



F S R  
s7c 
C L A  
c P L L  

I h 7  P 2 F  
I h F  P Z F  

C P E  
T F P  
T F P  
T P A  

I h R P  FS!? 
TR P 

I h E R  S T C  
T FL. 
F A C  
S T C  
C L  P 
T ZE 
C A L L  

JLhl? C L P  
S T C  
C L P  
S T C  
c P L L  
CL P 
T N  Z 
C A L L  

JUlrB T P I  
T I X  

I N 9  C L A  
SU E 
s T C  

T ZE 
C L P  
A D D  
S T P  
AX T 
C L A  
S T  P 
C L  A 
S T A  
T F P  

L C h A T B  P Z E  
L P T P T E  PI€ 

WGCPT P Z E  
L A T S T  P 2 E  

L C h T S T  PZE 
M R P T E  P Z E  
F R E Q  P 2 E  
ELOCK PZE 
SWGEC P Z E  
A h P T  PZE 

L O N T b E  PZE 
LPTTLIE P Z E  

GDATA Pi!€ 
W P S l < @  OCT 

IVASKA OCT 
POP PZE 

SN1 PZE 

- 

=so.? 
L A T X  
h A D A  
T IN1 

1 .C*** 
= ' E O . C  
I h 8 A  
I N e B  
I N5B 
=360 .P 
I N E + l  
L C h X  
*tI 
K - J € C  
L C h X  
W G C A T  
J UM2 

' * *  

WR I TF , SP CT K * NA O A  , LA T x * LON x DA T A  
C A T N N  
C P T N  
CC 
D 
FLG F I 0 * C  C k 1 * L C N X  .C A T  h *CA 75 L A T  X 
Z E G O  
J U M R  
S S T  I X I 9 Y J rE * D A T A  9 GR I D I 
* t l  * I  .-1 
I N  1% 9 29 1 ' LOOP P P C K  U N T I L  A L L  SWATH PTS ARE P R C C E S S E D  
SRRCC C O U N T  C h E  SWbLTH C O M P L E T E D  A T  LOOP F r N T $ H  

O+ E 9 X I  Y J  9 ZFRO 

N G  A T E  

= l f ? E  
CWRFC 

I h T E R P  t 1 R E T U R N  T O - M A I N  PR. I F  ALL SWATHS DONE 
R C A T P  PUT LOC CF I S 1  WORD OF1 N E X T  SWATH I N  LOC 
€3 L O C K  R O A T A  W P I C V  I S  TAGGED W I T H  X R l  
RD AT A 
0 r l  ZERO X R l  
L A T S T  RE-SFT L O C S  FOR I N I T I A L  E N T R Y S  I N  AMCH L A T  
LATTAFZ , A-hD. L C h G  TA8LE 
L O N T C T  
L C h T A B  
EfG I h L C O P  B A C K  U N T I L  A L L  SWATHS OF REC A R E  PROCe 
0 
C 
0 
0 
0 
0 
0 
0 
C 
0 
0 -  - * _. . .  

c 1 1  
0 0 0 0 0 0 0 7 7 7 7 7  
0 
0 7 77-3 70 0006 0 
C 

. -_ - -. - . - - -  

,~_ - 
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SOCTK PZE n 
C P T P  PZE G 
L A T Y  P Z E  0 
L C F X  P2F 0 
h F C b  P2E 0 
N P C R  R S S  1 
T k C  O E C  2 
T W P S U  O C T  7-77??? 
C N E e R  DEC 1 F P  
L C C  F 7 F  c 9 1  
L O C 1  PZE C * I  
CNEF D E C  1 . c  
T W C E  D E C  20 e 
T E M P I  E S C  1 
T E H P 2  R S S  1 

L C N T E L  PZF O * l  
tCWl f3X  P Z E  P S I  

S A b E  P 2 E  c 
C G N 1  PZE 0 
CQN P 7 E  c 
C A T h  P 7 E  r 
CPTNN P Z F  G 
C P T C  P7E n 
C A T  P Z F  c 
C PZ F 3 
OD PZE c 
E P 7E c 
X I  F I E  c 
VJ P 7 E  C 
Z C Q C  P 2 E  0 
K 3 6 0  U E C  3 h C .  

CLTIOFk P Z E  c 
C L T C F C  PiF C 

WAF P Z E  G 
GRICI P I E  c. 
hGATE PZE c 
INK R C  1 

C L T P U T  T F A  4+ E 
A XT c 94 
AXT . 0.2 
A > l  o*  1 
T PA 1 9 4  
sx P 4-4 ,4 
S X A  *-4 9 2 
5 > b  l r - 4 . 1  
CL A =?I317 
ST13 NCATE 

C L P  M P F  
C P S  =2817 
T F P  * i z  
T G A  *+ 2 
T F P  JH C 

S T C  N GA TE 

c PCL S C T  I r Y  J * E *  CAT P q GR I C I *FIG PTE 

. C L P - -  =4€17 ___ 

C P L L  S S T  9 XI * Y J  +E *DATA *GRfl) I e h G A T E  
JnW CLA = E 8 1 7  

S T C  N C A T E  __ - - 
C L A  CLTCFW 
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S TO 
C L b  
S T C  
c PLL 
T E A  

I S L C  T P A  
A X  T 
A >T  

P >T 
T F  P 
S > A  
S N A  
SX A 

X F C  
CL b 

S T P *  
T F A  
Eh’ C 

X I  
C L T O F C  
Y., 
SSTiXI * Y J  r F r D A T A . G R I D 1  *hGATE 
0 L T PU T + 1 
*.)E 

0 *4  
G,% 
e 1 1  
3 r 4  
4-4 * 4 
*-4+2 
* - f i r  I 
I P L K + I  
I N K  
1 9 4  
I RCK+ 1 
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A. 2 MRIR Main Program and Subroutines 

LC0165 -- L N I F  IF0 N I M B U C  M G I R  MERCATOG M A P  PROGGPM -- 
COMMCJN L O  C P T  
01 MENS1 O N  L O C P T  (210 1 

C A L L  WIPE 
49 C O N T I N U E  

45 READ I N P U T  T A P E  i . 2 7 E . J T A P E . J C A R D S  
279 F O R M A T (  I 5 9  12 1 

I F (  J T A P E )  10209251 r l  C 2 1  
1021 P R I N T  6 7 3 9 J T A F E  
673 F O R Y A T ( 1 H l r  l 2 H L O P D  P M  T A P E . 1 5 . 7 2 H  C h  A h 0  FFFSS S T A R T / / / / / / / /  1 

P A U S E  
C A L L  R F I L  
C A L L  R R K D l  
T E S T  =O . 
IF I P R =  1 

C T R E C  = 0 
DO €20 K K  = 1 ,  J C A R D S  

RT I NT S =O 
C C O L  41.42 0 C O M P O S I T E S . 1  O U T P U T  C A R D S 9 2  OUTPUT P A P E R - C A R D S  
C C C L  49 I S  C C M P A R F  C t - A N N E L  

C C O L  50-55 COMFAQE C t - A N N F L  C U T O F  V b L U E  (F6.3) 
C COLUMNS 56-57 S C L A F ;  2FhlTH A h G L F  L I H I T A T I C h  FCR CH. 5 REFL, 

C C U L U Y N S  43-48 W S T A f ;  F C R  C H A h h E L  5 R E F L E C T A N C € .  F6.2 

READ I N P U T  T A P E  29202  ~ C D A Y . C ~ - O U R ~ C M I N I C D E L T ~ ~ N A D R . C P A S S I C O N I , C A T N  
I F V  9 C I SCRM . J S Z  1 + C A T S  9 SE SH 9 9  h 3 R  S P A R  I T'r  9 VIRDAT 

2 A L  9 CU TOFW e CU T C  F C 9 I A K  
I F I  TGC 9 K C H A N  9 VAP. WSTAR 

292 FCR * A T  (F 3 e  0.2F2 a C 9 F4 e C r f2 .  C s F 4 o  0 r 3 F 3 . I )  .F5 39 F3.0 9 1 X  9 SF 1 'I 9 I2 s I 1 r I  2 
1 . F 6 . 2 . I l r F 6 . 3 . 1 2 . 2 F Z o O *  1 A l I  

IF  ( C D E L T ) 2 5 1  ,251 9253 
253 C D E L 2 = C D E L T  

CBE G=24.0 *CD 4Y 4: 60 . O+ Ct-OUR* EO. O+ CM I A 
CEN O=C BEG + CD E L I  
I V C T = I F I T G O - I F I P R  
I F I P R = I F I  T G O  
C A L L  M O V F I L C  TEST,  I V C T )  
C A L L  I N I  T ( C N A D R s C O N 1  WCATNICATI.  S E S P * D N B R *  CUTOFC, C U T O F W . f l I S C R M * M P P ~  

1 I N K )  

1 ANFT ) 
CA LL R DOC [ T D A Y P  t T H R P  a T #  IN  A * TDPY E . f P G  E, TM I N 9  9 XMRR . FREQ e H L O C K  e 5  W REC * 

T8E G=2 4.0* T D A  Y A *h 0 * O+ T kP A *60 a O+ TM I N  P 
TENC=24 .O*TDAYP*EO.C+THPE*6G . O t T C I  b!3 
K O A Y A  = T O A Y A  
K H R A  = T H R A  
K M I N A  = T M I N A  
K D A Y B  = T O A Y B  
KHliB=THRB 
K q I N B  = f M I N f 3  
K C D A Y  = C D A Y  
KCHOUR = CPOUR 
K C M I h  = C M I N  
KCDEL=CDELT 
I F ( C H E G - f E N D )  10112912 

10 I f (  C E E G - f g E G  1 1 4 ,  12 e 11 
13 I F ( C & N D - T E N D ) 2 C I  r 2 C 1  915 
14 IF( C E N D - T X N O )  18.18.17 
l e  I F  ( C E N D - T E E G  1 1  S ~ 1 9  9 2  C 

000 90 
00 100 

001 70 

00 110 
00 120 
00 133 
00 140 

001 80 

co1 eo 

00210 
0022 0 
00239 
00 240 
C 0250 
00269 
00 270 

00 290 
00 300  
00310 
0032 C 

00 340 
00350 
00 360 
003 70 
00 380 
00390 
00 400 
0041 0 
00 420 
0043 0 
00440 
0t450 
00460 
00470 

a033 o 
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L O 0 1 6 5  -- U N I F I F C  N I M e U Z  W R I R  MERCATOP MAP PRCGGAIV -- 
12 W R I T E  O U T P U T  T A P €  2 . 2 0 3  

2C3 F U R M A T ( 7 8 H O  M A F  T I M E  I N T F R V A L  R F C U F S T E D  E E G I N S  L A T E R  T H A N  F I N A L  
I T I M E  O F  T H I S  F l v F T - P G I R /  19H NO P A P  P R C D U C E D )  
NN=5 
GO r o  199 

19 W R I T E  O U T P U T  T A P E  2 . 2 C 4  
2 0 4  F O R M A T (  80H3 M A P  T I M E  I N T E R V A L  R E C U E S T E O  T E G M I N A T E S  nEFOPE I N I T ?  

1 A L  T I M E  O F  T H I S  F V F T - V R I R /  19H h C  WAP P R O O U F E D )  
N W =  1 
G O  T O  199 

15 W R I T E  O U T P U T  T A P F  2.C 
E F O R M A T (  77H3 M A P  T I M F  I N T F R V A L  R E C U E S T E D  T E R M I N A T E S  A F T E R  F I N A L  

1 T I M E  O F  T H I S  f k F T - - I U R I R /  CRH P A P  F C R  T H F  P A R T  O F  T I M E  I N T E R V A L  C 
2OVERE D WAS P R O  CUCEC)  

NN =4 
GO T O  199 

17 W H I T E  O U T P U T  T A P €  2 9 7  
7 F O R M A T (  90HO M A P  T I M E  I N T E R V A L  R E C U E S T E D  B E G I N S  B E F C R E  A N D  E N D S  

I A F T E R  T I M E  P E Q I O C  OF T F I S  F M R T - Y R I R /  54H M A P  F O R  P A G T  O F  T I Y E  I 
Z N T E R V A L  C O V E R E D  *AS PF;ODLCED 

NN= 3 
G O  T O  199 

20 W R I T E  O U T P U T  T P P E  ? s t 3  
e F O R M A T (  82H3 M A P  T I M E  I N T E R V A L  R E C U E S T E O  R E G I N S  E A R L I E E  T H A N  I N 1  

l T I A L  T I M E  O F  THIS F F R T - W R I R /  E4H YAP F C R  P A R T  O F  T I M E  I N T E R V A L  
2 CO VE R E D  WAS PRO OUCE C ) 
N N =  2 
GO TO 199 

2 0 1  h N = 6  
1 5 4  W R I T E  O U T P U T  T P F E  3 9 9 9 K D P Y  P e K H F A 9 K C I N A 9 K D A Y B  9KHRB r K V I  h R ~ K C D A V r  

l K C H O L R  r K C M I N a K C D E L 9 C P A S S  
9 FORMAT( 3 2 ~ 0  T I V E  I N T E R V A L  OF F V R T - M R I R  I 4 9 S H D A Y S  1 2 9 4 H H R S  12.1 

1 3 H M  I N  TO I 4 9 5 k D b Y S  1 2 , 4 k H R $  12 r3HHIN/  32H0 T I  WE I N T f R V A L  R 
2 E Q U E S T E D  I 4 r 5 H D A V S  I 2 r 4 H H R S  129 I S H M I N  PLU s I 4  r 3 H M  IN  98H 

2 c o  
C 
C 
C 
C 
C 

2 2 5  
205 

2 5 0  

300 
3 01 
3 02 

30 3 

3 P A t S e F 5 . 0 )  
G O  T O  ~ 6 2 G e 2 3 O 9 2 0 0 . 2 0 O 9 6 2 0 . 2 ~ 0 )  *NN 
C A L L  R R K D ( T E S T ~ ~ ~ D A Y I R H R . R M I  h )  

T E S T = G  IS hCRIVAL  R E T U R N  A F T E R  SUCCESSFUCL.Y 
C A T 4  F E C O G C  F F O M  F W f i T - M R I R  
T E S T  11 N E G A T I V E  WPEN T A P E  ERROR C E T E C T E C  
T E S T  IS P O S I T I V E  WHEN E G F  D E T E C T E D  

I F  ( TEST 1 
P R I N T  205 
F O R M A T ( l 3 H  T A P E  E F R O R )  
IF( P A R I T Y )  2 C C  *250*2CC 

IF( CEEG-RT I M E  8 
I F t C T R E C  ) 3 C l  9 3 C 1 9 3 0 2  

2259 2 5 0  9020 

R T  I M E =  24 e 0  *R D A Y  * € 0  e O+ R HR* 6 C e 0+ RM I N  - 
300 9 ZOO s 200 

R T  I M E S  =RT I ME 
R T i N T = R T I M E - R T I M E S  
C O E L T = C D E L T - R T I  hT 
R T  I N  T S=RT IN  T S+ fi T INT 

, -  
I F f C D E L l l  6 2 b e J O J 9 Z C 3  

R E A C I N G  A 

C A L L  I N T E R P (  X M F R  9 F R E C  9 B L O C K  95 W REC 9 A h P T  9 L C C P T  9WRDAT 9 K C H A N  9 WSTAR 9 
. .. _ _  

IIFV. J S Z A C I  
96 

0 0 490 
00500 
0051 0 
0052 c 

0057C 
00580 
0059C 
006 O C  

0065 C 
00660 
0067C 
00680 
00 690 

0073C 
0074C 
00750 
00760 
0077 O 

90010 
00820 
00030 
00843 
00850 
00000 

00900 
0091 9 

00940 
C0950 
00960 
00970 
00980 
00990 

9 10 10 
0 1020 
0 1030 
31 040 
01 0 5 0  
0 1 060 
01070 

01 090 
0 1100 

9 1080 



U R I R  WERCATOF H A P  PGCGRAN -- LO0165 -- UN IF I E C  N IFnRUC 

F T  i M E S = R T I M E  
CTREC= C T R E C +  1 e 

GO T O  200 
E 2 C  C O N T I N U E  

I F  ( MAP 1 e30.630 1 C 30 
1 C 3 C  W R I T E  ( I U T P U T  T A P E  P r 4 4 4 r C P A S S  

WRITE O U T P U T  T A P E  3 , 4 4 4 r C P P S S  
444  F O R M A T  (7H B E G 1  h ,FC. 0 )  

C A L L  O U T P U T  
WRITE O U T P U T  T A P E  er445.CPPSS 

4 4 5  F O R M A T ( 5 H  E h D . F E . 0 )  
W R I T E  O U T P U T  TAPE 3 9 4 4 5 s C P P S I  
C A L L  WIPE 

~ 3 r  C ~ N T I N U E  
R E k I h D  19 
60 T C  45 

1020  C I N T I N U E  

GO T C  4 9  

C A L L  E X I T  

1OOC C A L L  O U T P U T  

2 5 %  P A U S E  77777 

END( SslrO.lrO*Cil r l  rOrl*0*C,OsO*O) 

01130 
01140 
01 1 5 c  

012GO 
01210 

S U B R O U T I N E  HEPC 0 1260 
W R I T E  O U T P U T  T A P E  2 9 1 0  0 1270 

10 FORMAT(  lH1 t 5 8 X 4 0 H L A T I T U D E  C F  CChGITUDE OF MRI R / 2 7 X 8 6 H S P  0 1280 
1 0 T  NUMBER N A C I R  ANC3-E V I F W E O  P O I N T  V I E W E D  P C I h T  O A T  01290 

R E T U R N  C1310 
2 A  V A L U E  ACHFDC) 

E N D ( 3 r  1 * @ 1  l s Q . G 1 1  r l  r C * l  v C * C * O * O * O )  

EUBROUT I N €  W R I T E  ( S F O T K  r X N A C P  * X L A T X  ~ X L C N X I D A T A  * D A T A 2  1 
I S P T  K=S POT K 
W R I T E  O U T P U T  T A P E  3 - 1 9  I S F T K ~ X N A D A ~ X L A T X I X L C N X . D A T A . D A T A D A T A ~  

1 F O R M A T f 3 l X I 3 ~ 1 1 X F 7 e 2 *  9 X F 7 e  2 * G X F 7 * 3 * S X F 7 * 3 * 9 X F 7 e 3 )  
GETU RN 
E N D ( O 9  1rG1 1.0r0. 1 s  lrOtl ~ 0 ~ C ~ O s O ~ O )  

0 1370 

C1400 
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EN T RY R 00 C 
E h T R Y  S K I P  
Eh T F Y  SVSKP 
E h T R Y  R F I L  
E b T R Y  F R E Q  

F X F L C  
F L O F X  

F D O C  T R A  
AX T 
A YT 
AX+ 
T R  A 
S XA 
S X P  
SX A 
A XT 

R D O C 1  R 7 @ 8  
RCI-F! 
C L A  
S T A  
C L A  
S T A  
C L  P 
S T A  
C L A  
STP 
C L A  
S T A  
C L  P 
S T P  
t LA 
S T  P 
C L  P 
S T A  
C L P  
S T A  
C L A  
S T A  
C L  P 
S T A  
T C C B  
T E F B  
TRCB 
C L  A 
C A L L  
P ZF 
HTT; 

CL 4 
c P L L  
P 2E 
HT F 
sra * 

sTa* 

* +5 
0.4 
0. 2 
0 1 1  
1294 
*-4.4 
*-4r2 
* - 4 s  1 

9 
G E T Q C  
1 9 4  
T C A Y  A 
2 94 
T H R A  

TM I N A  
4.4 
T C P Y E  
5.4 
T H R B  
6 . 4  
TM I N R  
7 r  4 
M F G  

F A E Q  
9 r 4  
B L O  CK 
1014 
S &REC 
11 94 
A N P T  * 
DON E 
T R Y  
T C O C  
F X  F L O  
35 * 
T O A Y A  
T D C C t 1  
F X  F L O  
35 - * 
f H R A  

I c Q 2  

3 Q4 

8 Q 4  



C L A  
C A L L  
P 2F 
HT F 
S T O *  
CL P 
C A L L  
P 2F 
HT F 
STO * 
CL P 
C P L L  
P iF 
HT F 
STO * 
C L  P 
C A L L  
P 2F 
H T  F; 
STO 9 

C C P  
c P L L  
P ZE 
H T  F 
S T O  t 
C L P  
c P L L  
P ZF 
HT F 
S T O  * 
C l  P 
S TO+ 
C L A  
ST c* 
C L A  
S T O S  
T F P  

F I X 1  D E C  
T D A Y A  PZF 
'It66 P Z E  
? M I L A  P Z E  
T D A Y n  Pi!€ 
T H F R  PZE 
T W I N E  P 2 E  
N R R  P Z E  
FGEO P Z E  
A L C C K  P Z E  
S W R E C  PZE 
ANFT P Z E  
L C C P T  PZF 
T R Y  BSFe 

T I X  
H Ti? 

G E T O C  I C G P  
XOCP 

OChE H T R  

T D C C t 2  
F X  F L O  
35 
* 
T M  I N A  
T D C C t 4  
F X F L O  
35 * 
T C A Y  B 
T D C C + S  
F X  F L O  
35 * 
T k R B  
T D C C + 6  
F X F L O  
35 * 
T M  I N O  
T D C C + 8  
F X F L O  
26 * 
M RR 
T D C C t 9  
F X  F L O  
23 
* 
FRE'Q 
T D C C t 1 2  
EL0 CK 
TODC t 13 
S k G E C  
T C O C t 1 4  
A hPT 
RCOC t 1 
1 8 3 5  

0 
0 
0 
0 
0 
0 
9 
RCOCl.29 1 * 
T D O C  .O 9 - 1  
O * C * r ?  * 
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PZE 
H 7 R  
P P X  
T& P 
R T E B  
RCt-€3 
TCCB 
T I X  

C V S K P  A X ?  
T RA 

S K I F R  I G k T N  
G F I L  SXA 

R T  ea 
RCC.8 
T C C A  
T F F B  
T G A  
A X T  
TI; P 

COMR I O R T N  
T D C C  BSS 

ElrrC 

S V 5 K P 9 4  
I .4 
F L O F  X 
35 * 
0.2 
*+4 
9 
SI< I P R  * 
'8-39291 
0 * 4  
2.4 
TDOC 90 s- 1 
* + 6 r  4 
9 
COMB * 
* +2 
R F I L + I  
0 .  4 
1 . 4  
TCaC9 0 9 - 1  
5 0  

........ - .. - . 

. . .  ...... . . . . . . . . .  - 
I 

. . .  ......... 

- .  - .  

. . . .  

- .... . 

- . - ... __ . . .  . . . . . . . .  

-. 

. . . .  

... - 



EhfRY_- W I  PE 
ENTRY XN I T  

ENTRY I i Y K  

PCR IC- 

c IF%N 
SST 

F X F L O  
HEAD 

T I N 1  
NPCSR 
W F I T E  

COMF: e- 

I N l T  

. -. 

P L A C E  $-€TC-IN OATA I N  COCS F O R  T H I S  SUB 
_ _  - 

_ _  _ _  * - 4 * 4  S >A 
sxP'-- * - 4 * 2  
SXA * - 4 r l  

_ _  

CLP*  - 1 * 4  
S TO N ACR 
C L A *  2 . 4  
5 7 0  - - C C k  1 

c La* 3,4 

,cLg-* - - ... .- 

S TO C C N  

sT6- CATN 
S T C  C A T N h  

4 r 4  
STO- -. C A T S  
S T C  C A T  



I P E  T R A  * + E  
AX T 0 9 4  

A X T  O *  
Tfi P 1.4 
S P A  *-4 94 
S P A  *-4r2 
S X A  *-4rl  
C L P  =lR17 
S T C  N C A T E  

T RA WIPE41 

A P T  @ 92 

C A L L  S S T  @ X I  9 YJIE .DATA . G R I D I . N G A T E  

* S U B R O U T I N E  TO I N T E R F G E T  D A T A  C A L L S  F O R  MERCATOR I 9 J  P C I R T S  
I hTERP T R A  

AX+ 
A X T  
A ) I T  
T F P  
SX A 
S X A  
S X A  
C L P  
SIC 
C L A *  
S 1 A  
S T A  
AOD 
S T A  
C L A  
AN B 
A CO 
ST A 
C L  A 
A hLI 
A t  s 
S T C  
C L  A 
A N  P 
A O D  
S T A  
C L  A 
A US 
O A P  
F A 0  * 
S T C  
CL A 
A h A  
ADD 
STA 
C L A  
A N  A 
O F P  
F A D *  
FSI? 
S f C  
C L A *  
S TO 
C C A  * 
S TG 
C L A *  

*45 
0 94 
012 
0 . 1  
12.4 
*-4 94 
* - 4  92 
*-49 1 
=2E17 
N E A T E  
S L I R P N  P I C K - U P  ' LOC WHERE 1ST WORD OF R E C  I S  STORED 
L O C  
L C C  1 

R C A T A  P U T  L O C  OF 1 S T  WORD.1ST SWATH I N  LCC R D A T A  
L cc L O C A T I O N  O F  1 S T  WORD I N  THE R E C O R C 9 1  

= e  

MPSKE! KEEP O N L Y  THE ADDRESS 
=3@35 L O C A T I O N  OF I - E I G F T  
* +1 
** H E I G H T  IS I N  T H E  ADDRFSS 
MAS KR M A S K  OL7 Y A k  ERROR 
18 S C A L E  I T  817 
J H I  TE H E I G H T  I N  K I L O M E T E R S  
L O C  1-27-E7 R A S  
=00300000?7777 1-27-E7 GAS 
=?e35 1- 27- € 7 R A  S * +1  I-27-ti7 R A S  * *  1-27-67 A A S  
l e  1-27-67 % A S  

*- 1 1-27-67. R A S  
G H A  1-27-67 R A S  
LOC 1-27-67 R A S  
=0000000077777 1-27-E7 R R S  
=7i335 1-27-E7 R A S  
*+ 1 1-27-67 GAS ** 1-27-67 R A S  
=0030000077177 1-27-67 R A S  
=C23000O 000000  1-27-67 R A S  
*- 1 1-27-67 GAS-  
=sa.  1-27-67 R A S  
SCEC 1-27-67 RAS 
1 9 4  WHICH I S  T A G G E D  W I T H  X R 1  

=a23ooooooooo~  1-27-67 RAS 

.- ~ - - - - - _ _ _  

M R A T E  PUT INPUTS TO-SUB I N  PROPER LOCS 
2r 4 

3 . 4  
F ~ E Q  

- .. ._ . . . . 

--. -.. 
10 2 

". . 



S T C  B L C C K  
4 14 .- - C L  A* 

S T O  S GREC 
5.4 - -  C L  A* 

s 10 A N P  T 
. _  

STD ..- I h 4  
s TO I N d  
s TO IN(! 
C L A  6 9  4 
sue = I  00  e35 
S T A ~ 

- . .--. - 
-.'.- I N3 

I h 7  _ _  S T A  
S T A  L G N A T R  

STA LCATBL 
=2 e35 A C C  

S l A  L O N T B X  
= 1035 s L 0  

S T  P L O N T  P R  
L O N T S T  S I I A  

CL A 6 .4 
= Z O O B  35 S LB 

IN5  S'IP 
S T A  L A T A 1 0  

- _ _  - - * 
- - -  

._ - 

._ . .  

- -   ST‘^ . I -  " I k l  
__ __ 

ST ORE k c .  & A N C H  P O I N T S  I N  C A L L  

D E T .  1 S T  L O C  OF ANCHOR LONG.  T A B L E  AM@ 
S T O R E  I N  C A L L  SFQS B E L O W  

S E T  L O C  6F 1ST ANCHOR N A D I Q  
T A B L E  

2-15-67 R A S  

S A V E  1 S T  ANCf iOR 
OET. 1ST Lax OF 

S T O R E  I N  C A L L  
~ _._ I I 

LONG. L O C  
ANCHOR L A T .  
SEQS BELOW 

SET L O C - O F ~ S T  ANCHOR NADIR 

A N G L E  

T A B L E  NO 

L A T T  A B  

7.4 

. -. STA 
S T P  L ~ T S T  - S A V E  1ST 2"NCHOR LAT. L G C  
C L A *  

~- 

- _. . .  . _ _  
CT 0 w FOAT- 

S T O R E  C H A N t I E .  S E N S O R  1 NUMBER __ _ _ .  - _ _  -.. 

" 



C L  A 
A DO 
S T O  
T X  I 
T I X  

A D D  
S T O  
AX T 

PEG? h C L A  
T 7 E  
C A L L  

hHDR C L A  
P PX 
C L A *  
A A A  
T Z  E 
S T O  
L F S  
R hC 
S T C  
C L  A 
C A L L  
P ZF 
H 7 G  
F A C  
S T O  
T X  I 

WKTAB C L A *  
A N A  
C A L L  

P Z  E 
H'TR 
S T C  
C L A  
ADD . 

S T O  
C L A *  
A b A  
c P L L  
P ZE 
H T  F; 
STO * 

CC 

T XI 
T I X  
S XA 

A X T  
C L A  
S'T A 
C L A  

c~ a 

LA - 

TO . 

0 CT 

GCPHER T R X  

L P f A T e  
= 2 B 3 5  
L AT ATE 

R D O C 2  9 2  I 
R C A T A  
A N P T  
R O A T A  
0 r l  
WRDA T 
NHD R 
HEPD 
A hPT 
0 92 
R C A T A  
WrASKR 
I N T E R P +  1 
P CP 
1 

S B L K  
POP 
F X F L O  
35 * 
= 1 . 0  
S N L  
*+I9 19-2 
RD AT A 
M A S K A  
F X F L C  

L I  * 
L A T T  A B  
L A T T A B  
= 2 B 3 5  
L A T T  A B  
RCPTb , 

WAS KB 
F X  FLO 
29 

L O N  T A B  
L C h T  A B  

L O N T A R  

' *  

=2e35 

t1 9 1  9-1 
K T A B .  29 1 

S A  W E 9  1 
CJ7€000000-€?1 e 
1.1 
R O A T A  
R C P T P 2  
A N P T  
G CAT ** 9 7  

MK7.7. L 

. -  

LOOP B A C K  U N T I L  A L L  N A D l R  A N G L E S  A R E  U S E C  

BEGIN LOOP TO U N P A C K  N E X T  SWATH 
PUT NO. OF ANCHCR P O I N T S  I N  X R 2  

R E T U R N  T O  M A I h  PROG IF 

C A L C U  h C  +&S I N  SENSOR 
L A S T  R E C  IS R E A C H E O  

L A S T  FI LCEO S W A T H  OF 

B L O C K  

T X I  *t1 9 1  9-2 

FSE* L C N T B X  
C L A * *  . LON'TBL 

S K I P  ONE SWCTH WORD 
A Z G I N  L O O P  TO F O R M  A N C H  L A T  A N 0  L O N G  ?ABLE 

. . - . - -. .. . . . . -. . . . .. - 

L O O P -  @ A C K  UNT N C H  L A T  AND L O N G  TABe DCNE _ _  

2-13-67 R A S  _ .  .. - 
2- 13-67. RAS- 

- __ __ __- 2-13-67 R A S  

2-13-67 RAS 
2- 13-67. U A S  
2 - 1 3 - E l  R A S  
2-13-67- <AS 
2- 13-67 R A S  
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L A S  = 180 b 
H GUND T f i A  

Tfi A HOUN C 
G CP HER T RA 

k k J N D  T M I  HCGSE 
C L A *  . -. L O N  T B X  
F AD - 3 e 0 .  
S f O *  L O N T B X  
T R A  G RU 

__ - 

.. .^. 

- __  
W R S E  SCC *+2 9 7  I .  

'Lnd' G C A T  95 
T X  I *+195 9 * *  

S %A I W P A L A e l  
L O N T e L  

F A D  =360. 
STO* L C h T B L  

T I X  

T R A  
F K 7  N C P  

S A V E 9 1  L X C  
L XA S A V E 9 7  
L D G  
M F Y  K C~IAN 1 
STQ T E W  1 
P C  A 9 1  
A C E -  - T E M P l  
P AC 9 1  

S P C T K  S T Z  
C L  A POP 
Pax  0 92 
LDQ S BLK 
M F Y  - K C P A N 2  
s TQ T E M P 1  
P C A  97 
ACC T E M P l  

. __  
A P E  C L  A* 

T X I  *+191.2 
A P E  * 5 9 1 ._ . - 

I M P A L A  A % T  ** 9 1  

G N  L 
._ 

_ I  

S R L K  _. ~ 

_ ,  - - 

P A C .  - * 7  
I N T R  C L A  SPOTK 

2-13-67 R A S  
2-13-67 R A S  
2-13-&7' fiAS 
2-13-67 R A S  
2-13-67 R A S  
2- 13-67 G A S  
2- 13-67 R A S  
2-13-67 GAS 
2- 1 3 - 0 7 - R A  S 
2- 13-457 R A S  
2 - 1 3 - 6 7 - R A S  
2- 13-67 R A S  
2-13-67 R A S  
2 - 1 3 - C f  R A S  
2- 1 3 - 6 7 ' - R A S  
2-13-07 R A S  
2 - 1 3 L 6 7 " R A S  
2-13-67 R A S  
2- 13-$7 - R A S  
2-13-67 R A S  

2-13-67 GAS 

- 

_ _  

. _. - 

- .  

I N I T I A L 1  ZE S k A T H  P O I N T  
W T  6AiX P O P U L A T I O N  F O R  SWATH I N  XR2 

- -  . .- _ _  

" I  

.. , 

BEGIN LOOP TO ACCUM. PHYS D A T A  Acc, s w a w  
__ P O I N T  GEOG a L O C A T  I O N  _ -  = I  e o  

CCMPA.MRATE.FREQ*SPOTU*SNl*NADA C A L C  S W A T H  P C I N T  N A D I R  

-- F AC 

C A L L  

N A D A  C L A  

c a s  N A C R  
T R A - -  JU PA 
n a  I h C l  
TRA- IN61- -- 

- STO S P C T U  S E L E C T - N E X T  S W A T H  PO INT 

" .  
- . - ,  ~- _ I  -.I 

s-s P 
- ~ - - - - . - _ _  . - - - .- - - - -  - 

. - __ - . . _. - ~ 

"I _ -  I N 0 1  C L A *  R D A T A  
- ANT'- = 0 7 i i 7 i i o b 8 3 6 o  1 i75ZFF i2;a.s . 



PN 
I N2 

I N 3  
I R 4  

I N 4  A 

I N 4 8  

N O T 5  

ZP 

ANA 
TY P 
T 2F 
c P L L  
P ZE 
P XI3  
S TO 
c L A  
C P C C  
P2 E 
P 7E 
F C @  
STO 
C L P  

P Z E  
P ZF 
C A S  

T R A  
T R A  
T F A  
FEZ? 
T R A  
s 10 
TPL 
F bD 
s TO 
C L A  
C P S  
H TR 
I RA 
T R A  
C A L L  
CC P 
C A S  
T F P  
Tk A 
T RA 
CL P 
C P S  
T RA 
TFP 
TR A 
T 2  
C L  
T ZE 

=oniv i=7oooooo  1 1  -15-67 R, A,S. 

F X F L Q  
1 4  
I C ,  
c AT P 2  
N A O A  
T I N 1  C A L C o  L A T .  O F  S k  
* $  

3 rum,** 
= 9 O  o O S U B T R A C T  9 0  DEG FROM L A T .  
L A T X  
N P D A  
T I h l  CALC.  LONG. O F  I W A T f ,  P O I N T  
*+ 
I -a c-a ** 
=36O 0 0 C O R R E C T  LONG. IF OVER 360 I X G  

I N 4 A  
I h4B 
I N4A 
=360 ,@ 
I h 4 + 1  
L O N X  
*+3 
K 3 6 0  
L O N X  
KCHA N 2  
= 4 R  31 

* +2 
N O  15 

S T A R  r C 5 K e  D A T A 2  v L A T X  r L O N X  VSDECI GHA. J SZ A L  

D I SCRM 
J U M A  

z 1  
D A T A 2  
0 I SCRM 
Z 1  
JUNA 
J U M  A 
JU WA 

J U M l  
R O A I  

_ _  W R I T E  oSP CT K o NADA o L A  T X -a L O N X  @ D A T A  -a O A T  - __ __ - - __ - - C A L L  
C A T N h  
C A T N  
'DO - -  " " *  - 
D 
M G R I D-, co N f , L ~ N X ,  

- --- " .  

- -- S T C  

SST r X I  e Y J e E  s D A T A  r G R I D l  r h G A T E  -. - - - - - - . c P L L  
T I X  i 2  -a 2 -a 1 
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F P C  , = l e  
STO SP C T K  
CALL C Q M P A  * MR ATE *F REQ *SPOT K sSN1s ._ NAOA 
CLA - h A O A  
SCP 

NAOR CAS 

IN02 TGP 
TR A IN02 

R O A T  A 

__ - 
T RA JUMB 

- *.- _I 

I N G 2  CLA*  ._ 

A L S  i a  
A h A  = C77777700OOOO 
TL I JUM €3 

F X F L O  C A L L  
P ZE 14  

S f G  C A f A  
CAS 
TR A *+3 
T k / r  JUIB 

C L A *  _ _  - ROATA2 

=0777777 0 00 00 0 A N  A 
TWI JlrYB 

JUOR 
F X  FLO 

.. . 

PXC - - 90 

=171  e _ _  

Tk A - juMe 

A L S  i a  

T Z E  ..- 
c p i i  

_ _  

P2E 1 4  
PXD .O 
s TO D P  T A 2  
C L A  h A  OA 
C A L L  T I N 1  

IN5 P Z E  * *  
I h 6  PZE 3 r 0 * * *  

..- . 
F E@ =90  o 0 
s t o  L A T X  
CL P N P C A  

~- - .  

__ - d A_L_-- - T I N 1  - 
I N 7  PZE ** 
!Y* .._ -??E- _I l * O * . * *  ^_. .-. ~ 

CAS . = 3 6 O e O  

T RA I h e 0  
- - TEA_. _. - I N E A -  - 

- ?!! _ _  Lh@B - 
I i @ A  F I B  = 360. a 

T F A  ._. I - N 8  + 1 
I N 8 E  STO L O N X  

CPS = 4 @ 3 C  

TRA * +2 

-- . -  
id f R  

_ _ _  - 
- TRA Noise 

. ... .. 

. .. .. 

.. I - 
. _ - _  

11-15-67 Ro-AeS e 

1 1 -1 5-67 Re Ae So - .  

. * I C  - 

-- - C A L L  _-_ - N 2 C 5 R ~ W S ~ T A R ~ 5 K ~ D A T A 2 , L _ A r X . L O N X  ~ S O E C I  G H A o J S L A L  
CL P D P T A 2  



N O T S E  C L P  
C A S  
T RA 22 
T F P  J U V B  
TRA JUMB 

2 2  T ZE JUNE 
C L  A W RC AT 
T 2E J L M 2  
C A L L  W R I T E  s S P C T K  9NADA 9 LA T X s  L O N X p O A  TAI D A T A 2  

C A T  Nh 
s TO C b T N  
C LA D D  
S T C  0 
c A L L  
C L  P Z EGO 
T h Z  J LMR 

M G R I D e C O N  1 9 L O N X 9  C A T N p  C A T S e L A T  XIOIEI X I  9 YJ, Z E R O  

CCLL S S T 9 X I  9 Y J g E  r D A T A r G R I D 1  r h G A T E  
* 9 1 r 7 9 - 1  

T X  I * + I s  I,-1 O V E  TO N E X T  
T f X  I h T R  r 2  p 1 ETURN T I L L  A SENSOR G R O U P  CONE 

C L A  C O U N T  O N E  SWATH C O M P L E T E D  AT L O O P  F I N I S H  
s Le -1835 
S T C  SWREC 
T ZE I h T F R P + l  R E T U R N  TO M A I N  Ra I F  A L L  SWATHS CONE 
C L  P R C A T P  PUT L O C  OF IS+ CRD ff N E X T  SWATH I N  LOC 
ADD R LOCK R O A T A  W H I C H  I S  TAGGED WITH X R l  
S T P  ROAT A 
A X ?  ZERO X R I  
c La R E - S E T  LOCS FOR I N I T I A L  E N T R Y S  I N  ANCH L A T  
S T P  L ATT A B  AFd) L C h G  T A B L E  
C L  A LON? S? 
S T A  L C b T A B  
T F P  B E G I N  LOOP B A C K  U N T I L  A L L  S A T H S  OF R E C  ARE PROCe 

I N 9  O C T  -0760000050 16 

L C A A T B  PZE 0 
0 

R C P T  P Z E  0 
LAPST P2E 0 

0 
0 

F R E Q  PZE 0 
ELOCK PZ& 0 

0 
0 

KCHPN PZE 0 
K C H L N I  P7E 0 -  

0 

LOMTAB P Z E  0 
0 
0 ,  
o s 7  
000000077777 
0 
0 77777 0 0 0 00 0 

0 
0 -  

- 

- 
. .  . 

- _. 

- 0  hi$dR BLOCK 
- . - - - - -. _ _  - 

_ -  - . . - __ __ . - -  - __ - - 

_. .- " 

- - - I - __ - - - - _  - 
FGP PZE -- - a -  

. . . __ - - _ _ _  
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C A T A 2  P2E 0 
L A T X  PLE 0 

h AD A PZE 
L C N X -  P 2 E  . "-. 0 

TWO DEC 
I MASK OCT 
COC P Z E  
L G C l  PIE 
CNEF DEC 
T E M P 1  B E S  
TEMP2 BSS 

L O N T E L  PZE 
L C N T R X  P Z E  

J S Z A L  PZE 
C 5  K D E C  

S T A R  P Z E  
SCEC P Z E  
GWA P ZF 

C C N l  P Z E  
CON P Z E  
C A T N  P Z E  
CATh'fu P Z E  
C A T S  P Z E  
C A T  P Z E  
C P Z E  

.. co P Z  E 
E P 2E 
X I  P ZE 
V J  P Z  E 
Z E R C  P Z E  
K 3 6 0  D E C  
NACR B C S  
JHXTE PZE 

CXSCGM P Z E  
CUTOFk P Z E  
C t T O F C  PZE 

M B F  PZE 
G R I O X  P Z E  

INK BCC-__- 

S A V E  P2E- 

. _  

- ._ 

RGATE'PZE -. 

C L T P U T  TRA 
A X T  
AX I 
A %T 
TRA -.. 

__ 

0 
2 
777777 
0 1  1 
0.1 
1 10 
1 
1 
0 * 1  
0 . 1  
0 
0 
1. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
360 0 

1 
0 
0 
0 
0 
0 
0 
0 

2-6-67 R A S  
1 - 2 7 - 6 7  GAS 
1-27-67 R A S  
1 - 2 7 - 6 7  RAS 
1-27-67 R A S  

e r 4  
0 92 
o *  1 
1 r 4  



c P L L  S S f r X I  r V J 9 E  e D A T A q G R I O I ~ ~ G A T ~  
C L  =fie17 
S T C  N C A T E  
C L A  C b T Q F  
s 10 X I  
C L A  C L T O F C  
S T C  V J  
CPLL 
TF; A O U T P U T + - I  
T RA ++s 
AX T 0 r4 

0.2 A XT 
A )IT 0 9 1  
T R P  2 94 
S # A  dt-4 94 
S % P  dt-492 
SXA *-49 1 
X Et I E L K 4 1  
C L  A I N K  
STC* 1 0 4  
T F;A I B L K t l  
EN C 

. -  

_ _  

S S T  9 X I  r Y J  rE . D A I A I G R I D I  r hiG - -  

, ....” .- . .  

- 

S U B R O U T I N E  TO CCMFUTE C H A h N E L  5 R E F L E C T A N C E  F O R  N I M B U S - .  .. 

S U B R O U T I  NE N 2 C 5 R <  
DIMENSION C L  IM ( 15 1 
SZ A L  =J SZ A L  
C L  I M  t 1 5 ) = C O S F  (SZ PL 
C O S Z E N = C O S F t  P L A T * O  .O 1 7 4 5 3 2 9  ) * C O S F  S C E C * O . 0 1 7 4 5 3 2 9 )  COSF ( ( S L O N - P L O N  

S T A R  e C 5 K 9  C A T A 9  P L A T  e PLONe SDEC 9 SLClNr J S Z A L  I 

0 e 9 1 745329 1 + S I  hF (PL T W . 0  1 7 4 5 3 2 9 )  * S I N F (  S C E C * O e O 1 7 4 5 3 2 9 )  

I F ( C O S Z E N - C L I M (  15)  ) I O r 2 0 9 2 0  - - - - -  
10 O A T A Z O .  

R E T U  
R E F L =  t C 5 K * D A T A  I / t W  57 AR*COSZ EN’) 

. .  
2 0  

C A T A = R E F L * 1 0 0  a - 
R E T U R N  
E N D t U ~ l o O e 1 ~ O ~ ~ ~ ¶ r ~ r O 9 l ~ O 9 ~ s O ~ ~ r ~ ~  
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A . 3  Subroutines Common To HRIR and -J.R 

Si&+? OYTI_NE S S T  f X.J J 9 Y I I J B R L  9 C A  TA, GP I C  I, N CA 1 E 1 _ -  _ _  

S U B R O U T I N E  S S T  ( X J J I Y I I ~ ~ F L ~ G A T A I G ~ I C I ~ ~ G A T E )  
D I M E h S I O N  I T A B Z ( 3 )  rhtCDE( I 3 ) r I O L T (  2 E ) r N C A Q D ( 7 7 )  r A R A M A P ( 1 0 4 9 7 7 )  r A R A  

XPDP ( 1Q-4.r 7 7 )  
N E G L = R G L + l o  
G C T C C 7 1 r 72 9 7 3 r 74 9 7 5 ) 9 N G A T  E 

C Z E R O  CUT VAPS 
71 CL3 3 f= l . *194 

DO 3 J = l r 7 7  
ARAMAP4 I* J ) = 0 o  
A R A P O P  ( I  9 J) = 0 .  
R E T U R N  

2 

C ADO D P T P  TC M A P  
7 2  J=3 - 

E 3  J=OrJJ+a5) 
I F (  X J J  150.57953 

57 J=NEFL-J 
I F ( J j 5 6 * 5 4 9 5 5  

E 4  J = l  
E f  I = Y I L + 1 * 5  

IF([ )56.1*2 
1 1=1 
2 A R A M A P ( I * J ) = A R P M A F I I s J  ) + C A l P  

b R A P O P ( 1  r J ) = A F A P C P ( I ,  J ) + l o C  
E €  R E T L R N  

7 2  IGRLC=GRICI+I. 
C D I V I D E  D A T A  F C G  A b E P A G E  

-. I F {  I G R I D - 1 0 4 )  E E E  r C E C  9555 _-. 
5 5 5  I G R I O  = 104 
556 DO 6 I=l, & G R I D  - 

D C  6 J = l r h E R L  
IF( A R A P O P (  Is J 1 ) 6 r 6 r 5  
A R A M A P  ( I  9 J ) = A R P M A P ( I r  J) / A R P P O P (  X s J  ) + e 5  5 

6 C O N T I N U E  .“ . 1 I_^ - 
R E T U R N  

C O U T P U T  H A P S  C h  PR I N T E E  _ P A F E R  _ -  

IF ( hE3RL-26) 7 7 r E .._ _ -  - - .. _. . 

GO T C  ll ~ .-I- 

I T A B Z U  1 =26 - - 

7 4  I I = 1  

7 I T A R Z (  l ) = N E R L  

E f I = I I + l  

I F  ( hBR L-52 1 9 r 4 r 10 

GG T C  11 

I T A B Z t  2 ) = 5 2 -  

. _ _  s _ I T b t 3 Z ~ 2 ) = N E G L  - .. - - ._ 

. *  - 1c _II=X7!+4 - ” -  - 

I T A B  Z<JI-= NB 2 L - _ _ _  
11 GO 1 7  1 1 2 = l r 2  



ED 1 5  J=NIM 
I J=I J+ 1 
IF( 112-1 113, 139 14 
I G U T (  I J ) = A R A M A F  ( I  r J )  
GO TO 15 

1E C C N T i N U E  

3ZC1 F C R M A T ( 1 H  ) 

1 3  

14 I O U T ( I J ) = A H A P O F ( I ~ J )  

& R I T E  O U T P U T  T P F F  1 9 3 3 1  

16 W R I T E  O U T P U T  T A F F  Is?Olr(ICUT( J ) ,  J - l r l  J )  
2 0 1  F O R M A T ( l h C * 2 € ( l k + r  1 4 ) )  

17 C I J N T I N U E  
RE TURN 

C O U T P L T  WAD C A Q C C  
C WARMEST TElvF IS I h  X J J - C C L D F S T  I N  V I 1  

7 E  h C C D E (  1 ) = - 1  
NCODE(  2 )  =O 
hCCDE ( 3 ) 3 4 C 9 6  
N C O D E (  4)  =8 19 E 
NC CD E ( E: = 1 2 2 E e 
N CODE ( b ) = 16 38 4 
r\C CDE ( 7 1 =2 04 el: 
N C D D E (  8 )  =245?6 
K O D E  ( S )  =2~?572 
N C U D E (  10 ) = 2 2 7 € E  
h C C O E ( 1 1  )=35€64 
NCODE( 1 2 ) = 6 E E 2 €  
C A L L  IRLK(1CODE) 
NCODE(  13 1-1 CODF 
Sff= 10. / (  X J J - Y I  I ]  
E =-SM*Y I I 
D C  30 I=lrIGRID 
D J  2 0  J = l r 7 7  

20 h C A R O [  J ) = N c O D E  1 1 3 )  
GO 2 7  J=1*77 
I F ( A C A M A P ( 1  o J )  )2?*27*21 

2 1 
i i 

IF( PGAMAPC I s J 1-Y  I I 8 2 4 9 2 4  9 2 2  
IF ( ARAMAP ( I 9 J I - X J  J f 2 3  * 25 9 2  E 

23 X Y = ( S M * A F A M A F I I B J ) + @ ) + ~ *  - _ _  
2 4  IY=lI_ __ 

GC TC 2 6  

GO TO 26 

( J ) = N C O D E ( I V )  
2 7  CCRTIN-LE 

X I=I 
_ _  _ _  IF( I 1-99)558r5589557' - -- 

e 3 7  I I=-I I+99 
55(!  W R I T E  -OUTPUT T A P E  - J r 3 0 2 r ( N C A R n I J ) p _ J = l 9 7 7 ) . 1 I  
202 F O R M A T ( I X * 7 7 P l r l k + 9 l 2 )  

WRITE O U T P U T  T A P E  8 a 30 z 9  NCARo ? J l r  J=12 77' 1 9 I 1 
263 F O R M A T 1 7 7 A l r  l H + r  12)  

- - -. ._ - 30 CONTINUE . - - . - - - . - 

I I R A H P P ( 1 .  l ) = Y  I 1  

c= 1-2 
-. ___ . - - - I - -_ ----- - DO 559-I=2r12 _ _  .. - - - _- -- .- 

11 2 



SUBROUUNE S STL X JJ s Y I I I R R L  9 0  A T  A & R  IO I 9 M A T E  f 

JCF ARAMAP ( 1 *I 1 = (c-R 1 /slu 

-. _. 

W R I T E  OUTPUT T P F E  3.560 
W R I T E  CUTPUT TbPE 81560 

E € C  F O R M A T ( 7 0 H  R l 2  R 1 1  RO R 1  P 2  R 3  R 4  R 5  Rd 
1 R 7  R 8  R 9  I 

W R I T E  OUTPUT T A P F  ? . E € l . ( A R A M A P ( l r  J ) r J = l r l Z )  
W R I T E  O U T P U T  TAPE P I ~ ~ ~ ~ ( A F P ~ A F ( ~ , J ) , J = ~ * ~ ~ )  

E € l  FOGMAT( 1H r l 2 F 6 , 1 /  1 
RETURhi 
END( CI 1 ~ 0 . 1  , O * C  9 1  r l  9011 r O i O * 0 , 0 . 0 )  
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F X F L O  

R R  KD T R A  
AX T 
A YT 
A XT 
TF; P 
S BA 
S X P  
SXA 
T C C R  
R 706 
RCHB 
T COE? 
X E C  
S T Z *  
T G C B  
T E F B  

EN 1 GY 
E h T R Y  R R K O l  
EI \Tf?Y .L IFPI\ 

R RK C 

F R K D b  C L P  
ANP 
c P L L  
P ZE 
V T R  
XEC 
9 7 0 *  
C L A  
A b P  
c ILL 
P '2E 
H? F 
X F C  
S T C +  
C L  P 
A N A  
C A C C  
P Z  E 
H1R 
XFC 
s T O 1  
T R P  - . R R K D t 1  

eCFe 9 
R T B R  9 
R C H B  G E T D A  
TCOE! * 
T P C e  * t 2  
T F A  R R K O A -  1 

F U C 3  APT 10 94 

*tt; 
0 9 4  

0 92 
0 r l  

5 r 4  
*-4,4 
*-4.2 
5 - 4 r  I 
Ir 
9 
GETDA * 
R R K D t  1 
194 
RKC3 
R K C 4  
I GI hP 

F XFCn 
17 
Ir 
GF;KO+1 
2 r 4  
I G I N P  
M A S K R  
F X F L O  
35 * 
P G K  C+ I 
3r  4 

' I F I N P t l  
W P S M A  
F X F L C  

* 
R F  kD t1 
4 .4 

m P S I (  P 

. 17 

SUB, TO R E A D  N E X T  O A T A  R E C  

S E T  P A R A M E T E R  ( T E S ? )  TO Z E R O  IF O A T A  R E C U R 0  
R E A D  N C F Y A L L Y  TEST F O R  T A P E  ERROR 
T E S T  FOR EFD O F  F I L E  
U N P A C K  

U N P A C K  

U N P A C K  

R E C O R D  D A Y  

RECO-RD HOUR 

_ _  _ _ -  
FECORD M I N U T E S  

... 
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TFA - 

C L A -  
S T C *  
T FA 

G R K D l  TGCE 
T E F R  __ 
T E A  

L I R P h  P Z E  
M I N U S  D E C  
EETDA I C R T  

PJASKA OCY 
V P S K E  O C T  

L S  DEC 
I R I N P  R E S  

E ND 

R K 0 4  XFC 
R R K D A - 1  
R R I ( D + l  
L 5  
1 9 4  
RF;KD+ 1 
*+ 1 
* + I  
1 . 4  
I 4 I h P  
-5.C 
I R T N P .  C * 2 5 O C  
077777"00?90 
C C O G O C C  7 7 7 7 7  
5 .C  
2539 

CHECK F O R  E 0 F AND B R I N G  I N  REG-MESS. P R I h  
SET PARAMEYER ( T E S T )  PDS I F  END OF F I L E  

. ". 

RETURh T C  M A I N  PROGRA 
SUB. TO T U R N  CFF EN0 OF F I L E  AND P A R I T Y  IN- 
D I C A TOR- 
R E T U R N  T C  M A I N  F R O G R A M  
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ENTRY M O Y F  I L  
C C V F I L  TRA 

AX ‘I 
A XT 
AX 7 
T G P  
5x P 
S > A  
StCI - 
CLA * 
T MI 
TZF 
C L P *  
S L B  
T F C B  
T E F B  
T 2E 
TG P 
C L A *  
TZ E 
TPL - 

E A C K  SSP 
A C C  
P C I  
B S F R  
T I X  
RTBH 
T Cot3 
TFCB 
TEFe 
TFA 
P O  r 

R TRB 
T C C E  
T E F E  

- T R P  
T I X  

T E F B  
- T R C B -  

* + c  
. * *  r 4  

**9 1 
3.4 

4-4 9 2 
* - 4 * 1  
1 r 4  
* t e  
*4 7 
2 $4 
= l e 1 7  
* i 1  
*+ 1 
V C V F I  L4-1 
*t2 
2 . 4  
P P C K  
FWC- 1 

**  Q 2  

*-a Q 4  

= 1 E 1 7  
92 
9 
e F C U 4 3 r 2 r l  
9 * 
*+ 1 
* t l  
M O V F  IL+1 

+ t l  
9 * 
4 4  2 
F C O + l  
FWCI2 9 1  
$4 1 
* t l  

Q Z  

_ _  - 

. ..% 

- 

. .. 
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* INTERPBLATIQN SUBRBUTINE T I N l  - _ _  -_ .  
F A T - - - -  -- - 

* L I S T  8 --- ~ 

COUNT 101  

- _- . 
* SUBR0UT I N €  T I  N 1  

T I N l  S T Q  T I N 1 + 9 8  
-Fir--- - 

SXDTIN~+~~~I- - - 
. -  

hXI)  1 iN1+8Y 9 4  

sxsl T I N 1 + 8 8 9 2  

CLA 2 9 4  
~~ -TIN1+9 4- -~ - -- - 

ADD T I N 1 + 9 1  
----a;T--- -- - - 

SXD T I U 1 + 2 9 9 1  

_.-." 

- 
i \L  3 1 

- -- - -. - . STA T I M 1 + 9 5  
T I N 1  +94 

ARS 17  

P A X  0 9 1  
5x11 
ADD 
PAX 091 
ADD 1 9 4  
STA T I N 1 + 2 3  

S I A  
STA T I N 1 + 4 1  

I IN1+4S 
T I N 1 + 9 8  C L A  

CAS 
T I X  "-1 9 1  92 
T R A  T I N 1 + 2 6  

5 U B T - I m 1 7 9 - 5 -  - 

I INl+Sl ,I 
T I  N1+95  

-..- - - - - 
-_ __ - -_ - 

- _ -  -. . 

I_-- 

_- o , l - ~  - 

_____ - 

_I 

C L A  T I N 1 + 9 4  
L B  T 

-_- - _- TRA T I N 1 + 4 1  
T I X  T I N 1 + 3 1 9 1 9 0  
LXD T I N 1 + 9 0  9 1 

LXD T I N 1 + 3 1  r l  
PXD 0 9 1  
ARS 1 8  
CHS 
ADD T I  N1+23 
STA T I  N 1 + 5 4  
ADD TI N 1 + 9 1  
S I A  I I N 1 + 5 Z  
TRA T I N 1 + 5 0  
CLA' 0 9 1  

T X  I 
FAD 091 
LRS 35 
t-mv I I N l t Y L  
CAS T f N 1 + 9 8  
1 x 1  I l r n Y 9 1 9 - I  
TX I T I N 1 + 2 9 9 1 9 - 1  
I7Z I 1 ~ 9 1 9 ' 3  

LXD T,IN1+90 9 2  

L A H  IlmrY2rr 
CLA 0*1 
31 io C r n + 1 9 L  

_- __ - - - . - - 
j T I N 1 + 3 3 ,  $ 0  

-~ - __ - 

-_ - .. 

- ~ .__I 

__ .. 

T I  N 1  t43 9 192 

_- 

- -  - 
- -  

- - - 
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* CALLICBTT CLBFX ANF FXFLB SU8R0UTINE 

* FAP 

9 SUBRBUTINE FL0FX AND FXFLB 

__ _I . .. t--- - 

t@UN 1 47 

- _ - -  - - E N T R Y r l l m X  

FL0FX T Z t  3 9 4  

ENTRY FXFLD 

XCA 
ST0 ARGU 

- - - - . - __ - - - 

I-- 

- _  . _ _  _ _  LLS 8 
SSP 

____ - TZ E 6 
LKS 8 

ADD KD4 
CLA TEMP 

LLS 8 
ALS 19 
TRA *+3 

- -~-~-- 
._ -. - 

B CLA 
--___ _ _ _  - . - __ 

I “.MP 
ALS 27 
5 l W  I t MI’+ 1 

CLA I kMP 

FAD 
LL s 27  

TN0 3 9 4  

IKA ’ 2 9 4  

K O 1  0CT 135 
ARGU PZE 

K 0 2  0CT 170 
K 0 4  OCT 19 
TEMP BSS 2 

_____ 

- -- T0V 294 

- 
T t M P +  1 

._ - 

- . _. - - 

t N V  
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AN=0.01745329*45.0 
C 0 N2 = 0 *E 
IF160*2J6Q. )492$2 

IFICCN)3+12t12 
2 COWCCN-CON1 

3 m=364.+GoRI 

4 CUNZ=CCNZtCCNl 
5 €F4-(;EN2-3-60.)-8,8.6 
6 CONZ=CON2-360. 

GO TO 12 

I F ( COY 2-c0y 1 7 9 10 * 1 0 
- 7 IECCOtJ-GCN1)78+l.1r€l- 

8 IF(CCN2-CGN)78,11t9 
9 IF(CCY-CON1 I789111 1 1  

10 CQPlr C-W- Q-GQN 1 $+CON 
GO TO 12 

11 CON-CCN-CON 1 
42 XI-6ae1413- - - - -  

13 IF(CATN)58?46,14 
14 IFLCATS)28t26,15 
15 I-FI-CAT )78)+7S+ 16 
16 IF(CATN-CAT)78,18,17 
i7 IF(CAT-CATS178t18rlB 
18 G A 'IC& ( 181-7 453 2 9442 T I\c 1 
19 CAT=(D.O1745329+CAT) 
26 YN=LOGFITSIGF(AM+CAT~)) 
21 Y=L€lGFCTQIGF(IUJ,CATJ ) 
22 YJxYN-Y 
2 4  GO TO 8 e  

-- 2 4  -E fCAT)Z3+le,-16 --- - -- - 
28 IF(CAT)32plRv30 
30 IF(~ATN-CAT)78,18~18 

~ . . . . .. .. . .. . . . 

~. . .. . . . - . - .~ . 

1 2 0  




